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PREFACE. 

The formulas of D'Arcy, Kutter and 
Bazin arc gradually, but. surely, being 
adopted instead of the old formulae of 
D'AubiBson, De Prony, Downing, <fcc, 

The former formulae, however, though 
admitted to be more accurate, are also, 
as a rule, more complicated in form, aud 
more troublesome and tedious in their 
application, than most of the old formula; 
in use. In these day's, when numerous 
works on Sewerage, Water Supply, Irri- 
gation, &c, are buing constructed in this 
country, and in fact all over the civilized 
world, hydraulic formulae are, perhaps, 
in more general use by Engineers than 
at any former time, and therefore, any 
ready method which combines rapidity 
with accuracy in the application of the 
new formulae will, very likely, tend to 
their more general use than at present, 
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It is believed that this combination of 
rapidity with accuracy can bo gained by 
the proper use of the tables in this book; 
and Hydraulic Engineers, who make it a 
practice to use the formula) of D'Arcy, 
Kutter and Bazin, and to whom a saving 
of time and tedious computation is an 
object, will find the tables of material 
help in the solution of problems relating 
to the flow of water in open and closed 
channels. 
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FLOW OF WATER IK OPEN CHANNELS, 

PIPES, BEWEItS, OOSDJJIXS, Ac 

In the following formulae let— 
V = velocity in feet per second 
Q = discharge in cubic feet per second. 
— coefficient of mean velocity. 
S = fall of water surface (A), in any dis- 
tance (I), divided by that distance 

= y- = sine of slope. 

a = area of cross-section of pipe, conduit 
or open channel in square feet. 

p = wetted perimeter of pipe, conduit or 
open channel in lineal feet. 

r = hydraulic mean depth in feet = area 
of cross-section of pipe, conduit or 
open channel in square feet (a) 
divided by its wetted perimeter in 

' lineal ft. r= — 



d = diameter of pipe or conduit. 
n = the natural coefficient, the value of 
which depends on the nature and 
condition of the bed of the channel 
through which the water flows, or 
in other words, its degree of rough- 
ness. 
The plan on which the tables are con- 
structed will be briefly stated here and 
their use will be more fully explained 
further on. 

Chezy's general form of formula for ve- 
locity is — 

V=flv / f5 == oVr"X V*" 



The factors on the right hand side of 
the equations are tabulated, c-y^T and 
aci/£ for diameters usually adopted in 
practice, and y*" f° r G8fl slopes. 

Now to find the velocity, the diameter 
and slope being given. Look out and 
note down the number representing c*f^ 
in its column and opposite the given di- 
ameter; also look out and note do"— the 



number representing «/ s opposite the 
given slope. The product of these two 
numbers will give the required velocity. 
Again, given the slope and velocity in feet 
per second to find the diameter. From 
the equation 

we have 

V 

VT 



cy£ = 



Look out the value of */£ correspond- 
ing to the given slope and divide the ve- 
locity by it. The quotient will be the 
value of cyJT In the column of <?vV 
look out the nearest number to the value 
of c-ijr *> i ; ound, and opposite to it in the 
same line will be ihe diameter required- 
At the same time the area and hydraulic 
mean depth can be found on the same 
line and the discharge can be found by 
looking out the value of ac*f^ aud divid- 
ing it by .^/fT I n f act °y inspection of the 
tables and the multiplication or division 
of two numbers, problems can be rapidly 
and accurately solved, which, by the use 
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of any one of the formulas, would be a 
tedious and troublesome operation, Wben 
the value of c*/^~or ac*/^ is found, the 
diameter can at once be found by inspec- 
tion on the same line. 

When the slope and velocity are given 
and the diameter is required it is not 
found directly. The value of cy^T is first 
computed by formula (9) and in the same 
line with this value in the tables will be 
found the required diameter. In a similar 
way the slope and discharge being given 
and the diameter required. The value 
of ocy^T is first computed by formula (14) 
and in the same line with this value in 
the tables will be found the required 



The columns of c<\/^~ and aey^T can be 
used to compare velocities and discharges 
of pipes with equal slopes, and this can 
be done even when the channels have dif- 
ferent degrees of roughness and different 
diameters. 

For instance, a pipe say of 3 feet 
diameter has a discharge of 20 cubic 
feet per second by D'Arcy's formula, 
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and it is required to find the diameter 
of a pipe of similar material which shall 
discharge 30 cubic feet per second, that 
is an increase of 50 per cent., the slope 
being the same in both pipes. Find in 
Table 1 the value of acy"? opposite 3 
feet diameter and it ie = 680.76, and this 
increased by 50 per cent. = 1030.14 = 
the value of ac\/ r corresponding to the 
required diameter. By inspection of Table 
1 the nearest value of ac^/ r greater than 
this is found to be 1072.6 opposite a 
diameter of 3 feet 7 inches, which is 
the required diameter. In a similar man- 
ner velocities can be compared by the 
use of the column giving the values of 

For feet measures D'Arcy's formula is 

V= |.0O00TO6 + -^l| « 

and from this we have 

S=(.oooo772e+^15?)l: ( 2 , 
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In order to simplify, substitute for r in 
feet the diameter- d in inches, and we have 
' S = (.00007726 + .00000yx48v48y 

,\ S = (.0087084B d + . 00378248 W 

As the change will not materially affect 
the result, Mr. J. B. Francis, C. E., sim- 
plifies this into the form 

,\v 



„(*H)p 



(3) 

• Y-J S< *' 1* W 

I .00,i71(<Z-fl) J 

In order, however, to further simplify 
the equation into the Chezy form of for- 
mula, whieh is the form required for the 
preparation and use of the tables adopted 
by the writer and given in this book, 
let equation (3) be transformed into 
one with the diameter d in feet and it 
becomes 

S = .0037l(l2 d+ 1 )— — 
\ /Hid' 

. y_f Uid'S i* 

" (.00371 (12 d-j-l) I 
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but <?'=I0 r'=16rxr=4 dxr substitute 
this value for d ' in the last equation, and 
y_ J 144X4 dXrxS ) I 
\ .00371 (12 d+1) 1 
therefore, for feet measures D'Arcy's for- 
mula for velocity is simplified into 
y _/ lfifi256 d \h >- 

and putting the first factor on the right- 
hand side of the equation — c, we have 

Kutter's formula for feet measure is 

and patting the first factor on the right- 
hand side of the equation = c we have 

Bazin's formula for open channels of 
the second category and applicable to 
channels with an even lining of cut stone; 
brickwork, or materials with surfaces of 
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equal roughness, exposed to the flow of 
water, is: 

V=V 1+-0000183 ( 4354+ .') XVV P) 
and putting the first factor under the 
radical sign, in the right hand side of the 
equation = o we have: 

V=oV^xv7 (8) 

•• Cv7= 7T W 

. _ V 



»v9 



8 =(Xy 



10"/^- 



(10) 

(11) 



<J=<iV=oevTXv7 (12) 

.- -? (13) 

V ff 



(16) 
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By the use of the tables of factors as 
applied to the solution of these formulas 
all the information relative to pipes, such 
as velocity, slope, diameter, etc., can be 
obtained. 

In that admirable and useful work, 
" Molesworth's Pocket Book of Engineer- 
ing Formulas," a modified form of Kut- 
ter's formula for pipe discharge is given 
in which the value of 

I8I+2S1 1 

(17) 



For facility of reference I will call this 
formula Molesworth's Kutter (1 T). 

No mention is made by Moleeworth of 
the value of n, that is as to whether the 
formula is intended to apply to pipes 
having a, rough or a smooth inner surface. 
An investigation will, however, show that 
his formula is accurately applicable to 
only one diameter, that is, to a diameter of 
one foot and with the value of n=.013. 
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(6) is given by Molesworth in formula (17) 
as a constant quantity, and = .026, where- 
as, in fact, it is a variable quantity, its 
value — with the same value »f n — chang- 
ing with every change in the hydraulic 
mean radius or diameter of pipe. 

Now, assuming the value of n taken by 
Molesworth to bo =■ .013 and substituting 
this value for n in Kutter's formula (6) 
we have 



i+(4i.6+^HVi!f. 

but by Molesworth's Kutter (17J 

013 

— 7==.026 
Vr ( 



(18) 
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If we substitute in formula (18) for , 
V^iW value 0.5, we have: ! 



1 -j-. 026(41. 6 -| ) 

which is Molesworth's Kutter (17). 

It is therefore apparent that, no matter 
what the value of n may be, Molesworth's 
Kutter (17) does not give the same results 
as Hutter^ formula (6), as it gives a con- 
stant coefficient of velocity c for all diam- 
eters having the same slope and the same 
value of n. 

Kutter's formula (6) has certain pecu- 
liarities which are wanting in Molesworth's 
Kutter, and an investigation will show 
that Molesworth's differs materially from 
Kutter's formula (6), and that its applica- 
tion, except to one diameter, is sure to 
lead to serious error. I will briefly ex- 
plain: 

1. By Kutter's formula (6) the value 
: the velocity, changes with every 
the value of r, s, or n, and 
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with the same slope and the same value 
of «, the value of c increases with the 
increase of r, that is with the increase in 
diameter. It is on this variability of its 
coefficient to suit the different changes 
of slope, diameter and lining of channel 
that the accuracy of Kutter's formula de- 
pends. By Molesworth's Kutter a change 
in the diameter, other things remaining 
the same, does not affect the value of c. 
With the same slope the value of c is 
constant for ali diameters. 

As an instance with a slope of 1 in 
1,(100: 



By Kutter'B formula (6). 
"Moleewortli'HKiitter(17) 



G inches 


20 feet 


diameter. 


diameter. 


e = 


e^ 


69.8 


liti.O 


85.3 


85 3 



It will thus be seen that the value of 
c by Kutter's formula (6), when «=,001, 
has a large range, from 69.5 to 146.0, 
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showing an increase of 111 per cent, from 
a diameter of tJ inches to a diameter of 20 
feet. 

It will be further found that Moles- 
worth's formula gives the value of c, and 
therefore the value of the velocity and dis- 
charge, too high for diameters less than 
one foot, and too low for diameters above 
one foot, and tbe more the diameter differs 
from one foot the greater is the error. In 
these respects it follows the errors of the 
old formula. 

2. According to Kutter's formula (6) 
the value of c increases with the increase 
of slope for all diameters whose hydraulic 
mean depth is less than 3.281 feet — one 
metre — and with a hydraulic mean depth 
greater than 3.281 feet, an increase of 
slope gives a diminution in the value of 

The small table, herewith given, shows 
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12 feet diameter. 




1 in 1,000. 


1 in 40. 


MoleBworth's Kuttei c = ... 


85.3 
137.7 


8H.9 
137.9 








20 feet diameter. 




1 in 1,000. 


1 in 40. 


Moleeworth'e Kuttere =... 


85.3 
146.0 


86.9 







It will thua be seen that by flutter's 
formula (6), when r = 3 feet, that is, less 
than 3.281 feet, an increase in the slope 
from 1 in 1,000 to 1 in 40, causes a slight 
increase in the coefficient, but when r ie 
B feet, that is more than 3.281 feet, the 
game increase in the slope causes a slight 
diminution in the value of e. 

By Molesworth's Kutter (17), when ?-=3 
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feet, an increase in the slope from 1 
in 1,000 to 1 in 40 causes a greater pro- 
portional increase in the coefficient than 
Kutter gives, and when r=5 feet the 
value of the coefficient does not diminish 
with the increase of slope, but on the con- 
trary, it increases with the increase in 
slope, and its value is the same as when 
r=3 feet. 

3. By Kutter's formula (6), when the 
hydraulic mean depth is equal to 3.281 
feet, one metre, the value of o is constant 

for all slopes, and is— - , which in this 

case=— - --=139.31. 
.013 

Let r— 3.281 feet, and therefore, vV— 

•^3.281 = 1.811, substitute this value in 

Kutter's formula <6), and we have 

. 1.811. . 00.281 



41.0+- 



* 71.811 

and when «=.0l3 
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This is the only instance, I believe, 
where Kutter's formula (6) gives a con- 
stant coefficient with a change of slope. 
By Molesworth's K utter (17), on the con- 
trary, the value of e changes with every 
change of slope when j-=3.281. 

It is evident that Molesworth's Kutter 
was adopted in order to simplify the ap- 
plication of Kutter's formula (6), but its 
simplification is of no practical use as it 
gives very inaccurate results. 

As shown above, with the exception of 
its application to one diameter, the formula 
is not K utter's, although in appearance 
bearing a resemblance to it. 

However, a modification of Kutter's 
formula can be made, simpler in form 
than even Molesworth's Kutter (17), and 
giving results near enough for all practi- 
cal purposes to those obtained by the use 
of the more complicated Kutter formula 
(8). 

The value of c in Kutter's formula (8), 
with a slope of 1 in 1,000, and «=.01S, is 
thus expressed, 



' T \™ rr .001/ v; 

. c 183 -» (19) 

1+4441X =°£ 
V r 
The following table will show the value 
of the coefficient c for several slopes and 
diameters, according to formula (17), (6), 
and (19): 

t\ 



6 iin-li diameter, slope 1 it 

40. , 

6 inch dianietur, slope 1 ii 

1,000. 

4 i •■■ t diameter, slope 1 ii 

400 

4 feet diameter, .1. | ■ 1 n 

1.000.. 

8 feet diameter, elope 1 ii 

70O 

8 feet diameter, slope 1 it 
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This table shows the close agreement 
of formula (19) with Kutter's formula 
(6), and it also shows the inaccurate re- 
sults obtained by the use of Molcsworth's 
Kutter. 

The first column of this table shows that 
a formula with a constant value of c=85, 
that is : 

V= 8-iv^ 

will give results differing in an extreme 
case only 2i per cent, from Molesworth's 
Kutter, and in the greater number of easts 
differing only about out- per cent. 

The second column of the table shows 
the wide range of the coefficient c by Kut- 
ter's formula (6) from 69.5 to 130.5 to suit 
the different changes in the hydraulic 
mean depth and slope. 

The objection to the old formulae was 
that they gave velocities too h;gh for small 
pipes and channels, and too low for Ltrge 
pipes and channels. The following utile 
will show that the same inaccurate results 
are obtained by the use of Moh'swiirtli's 
Kutter (17): 
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8 inch diameter, slope 1 in 

40. 

6 inches diameter, slope 1 

in 1,000 

4 feet diameter, slope 1 

400. 

i feet diameter, slope 1 

1,000. „ 

8 feet diameter, slope 1 

700 

8 feet diameter, slops 1 

2,600 



This table shows that there is a wide 
difference between the velocities obtained 
by Molesworth's Kutter (17) and Kntter's 
formula (6), ami it further shows th:it for 
the slopes usually adopted in practice for 
pipes, sewers, conduits, etc., that is for 
slopes not flatter than 2 feet per mile, 
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or 1 in 2640, formula (19) will give ve- 
locities that for all practical purposes 
may be considered as almost identical 
with the velocities obtained by Kutter's 
formula (6). _ 

The tables of factors cVr and acVroi 
Kutter in this work are computed by for- 
mula (19) and the table just given, and 
also the tables (10) and (11) show how 
small is the difference in velocity found by 
the tables of factors aud by formula (8). 
The difference is generally less than one 
per cent., and it seldom reaches 3 per cent. 
Further illustrations of the close agreement 
of these two formulae will be found further 
on. 

Mr. L. D'A. Jackson, C. E., in his " Hy- 
draulic Manual," and Mr. R. Hering, C.E., 
in a paper read before the Am. Soc. C. E., 
in 1B78, extend the range of materials to 
which the different values of n adopted by 
Kutter apply. 

A table of the value of n for different 
materials compiled from Kutter, Jackson 
and Hering, is herewith given, and this 
value of n, applies also, in each instance, 
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to the surfaces of other material equally 

rough. 

n=.009 well planed timber, in perfect or- 
der and alignment; otherwise per- 
haps .010 would be suitable. 

»=.0l0 plaster iu pure cement; planed 
timber; glazed, coated or enam- 
eled stoneware and iron pipes; 
glazed surfaces of every sort iu 
perfect order. 

»=.011 plaster in oement with one-third 
sand in good condition; also for 
iron, cement, and terra eotta 
pipes, well jointed, and in best 
order. 

n==.012 unplaned timber when perfect- 
ly continuous on the inside. 
Flumes. 

tt=.013 ashlar and well-laid brickwork; 
ordinary metal ; earthen and stone- 
ware pipe, in good condition but 
not new; cement and terra eotta 
pipe, not well jointed, nor in 
perfect order; plaster and planed 
wood in imperfect or inferior 



condition; and generally the ma- 
terials mentioned with n=^010 
when in imperfect or inferior 
condition. 

n=.015 second-class or rough-faced brick- 
work ; well-dressed stonework ; 
foal and slightly tnberculated 
iron ; cement and terra cotta pipes, 
with imperfect joints and in bad 
order, and canvas lining on wood- 
en frames. 

n=.017 brickwork, ashlar, and stoneware 
in an inferior condition; tnber- 
culated iron pipes; rubble in ce- 
ment or plaster in good order; 
fine gravel, well rammed, K to % 
inches diameter ; and generally 
the materials mentioned with 
HT3.013 when in bad order and 
condition. 

n=^020 rubble in cement in an inferior 
condition; coarse rubble rough- 
set in a normal condition; coarse 
rubble set dry ; ruined brick- 
work and masonry; coarse gravel, 
well rammed, from 1 to 1H 
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inch diameter ; canals with beds 
and banks of very firm, regular 
gravel, carefully trimmed and 
punned in defective places ; 
rough rubble with bed partially 
covered with silt and mud ; 
rectangular wooden troughs with 
battens on the inside, two inches 

w=.0225 coarse dry set rubble in bad condi- 
tion. 

n=.025 suitable to rivers and canals with 
earthen beds in perfect order and 
regimen, and perfectly free from 
stones and weeds. 

n=.030 suitable to rivers and canals with 
earthen beds in moderately good 
order and regimen, having stones 
and weeds occasionally. 

jk=.035 suitable for rivers and canals with 

earthen beds in bad order and 

regimen, and having stones and 

weeds in great quantities. 

The tables in this book are computed: 

ls(. By D'Arcy's formula (5) for clean 

pipes flowing under full pressure. 
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2d. By nutter's formula (19) for pipes, 
sewers, conduits, etc., flowing fall and also 
for open channels with: 

«=.011 
»=.012 
n=.013 and 

3d. By the second type of Bazin's form- 
ula (7) for open channels, applicable to 
channels with an even lining of cut stone, 
brickwork, and other materials with sur- 
faces of equal roughness. 

The accuracy of the results by Kutter's 
formula depends on the proper selection of 
the value of n for the surface of the mate- 
rial over which the water flows. 

With reference to the fixing of values 
of n to some materials Mr. Jackson, in his 
"Hydraulic Manual," remarks:' 

"A coefficient of roughness n = .010 
has been assumed as applicable to glazed 
or enameled pipes, and one of .013 for 
ordinary metal or earthenware or stone- 
ware pipes under ordinary conditions, 
but not new ; and there is every reason 
to believe that these assumptions are gener- 
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ally correct; if we compare the smooth- 

ntas of surface of a glazed pipe with that 
of very smooth plaster in cement, ami that 
of an ordiDary pipe, in average condition, 
with that of ashlar or good brickwork; in 
addition to this, such few partial and lim- 
ited experimental data as are available, 
support the assumption." 

Again referring to the simplified form 
of Kutter's formula (19), if we call the 
numerator on the right hand aide of the 
equation K, for any value of n, we have: 



1444.41 +■ 



= |l+(44.41xi f )[ 



Vr 

v7» (so) 



Vr- 

In the following table the value of K is 
given for the several values of n alreadj 
referred to, except those for earthen 
channels. 



„= 


E= 


,. 


E= 


.009 


245.63 


.015 


165.14 


.010 


225.51 


.017 


150.94 


.011 


209.05 


.020 


184.96 


.012 


195.33 


.0225 


124.90 


013 


183.72 






If, tiier 


efore, in tl 


. appiica 


ion of for- 



,ula (20), within the limits of n, as given 
in the table, we substitute for n its value, 
and also the equivalent value of k, we 
have a simplified form of Kutter's for- 
mula (6). 

For instance, when n=,011, 
209.05 



1=1 44.41 X 1 



Vr 



Xv7a 



To further simplify formula (20) the 
value of y^" for a large range of diame- 
ters will be found in Table 6. 

In Table 8 the coefficients of D'Arcy, 
and Kutter with n = .011 for smooth 
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pipes, are placed Id parallel columns for 
the purpose of comparison. It will be 
seen that beginning with the small pipes 
D'Arcy's coefficients have, for the same 
diameter, a greater value than Gutter's, 
but that as the diameters increase, the 
value of the coefficients approach nearer 
to each other, until at 14 inches diameter 
they are equal. From this point as the 
diameters increase, Kutter's coefficients are 
the greater, the difference increasing with 
the increased diameter of pipes. For 
diameters greater than 10 feet D'Arcy'e 
coefficient is almost constant. It increases 
very little more than 113.5 even for a di- 
ameter of 10 feet or more, but Kutter's 
coefficient continues to increase until such 
a diameter is reached as is never likely to 
be required in practice. 

Now, the experiments on which D'Arcy's 
formula is based were made on clean pipes, 
of the diameters usually adopted in prac- 
tice, flowing under pressure and under 
conditions somewhat similar to pipes in 
actual use, and therefore, as the experi- 
ments were conducted with great accur- 



acy, the results are entitled to the confi- 
dence of engineers. D'Arcy's experiments 
did not, however, include pipes of a very 
large hydraulic mean radius. In one re- 
spect he differs from most of the modern 
authorities, inasmuch as the slope has no 
effect on the value of the coefficient of his 
formula. 

Mr. J. W. Adams, C. E., in Mngineering 
Nevis of March 10th, 1SG3, writes: 

" When the Loch Katrine Water Works 
for Glasgow were being extended some 
years since, a portion of the distance was 
carried over low grounds by a oast-iron 
trough 6j feet deep, and 8 feet in width, 
supported on masonry piers, and giving 
good opportunity to determine the daily 
flow. By this and other means, it was 
found that the cast-iron pipes, 4 feet in 
diameter, which with a fall of 1 in 1056 
on the rest of the line, had been com- 
puted to carry 21,000,000 gallons, were 
really discharging daily 23,430,000 gal- 
lons. The engineer, Mr.. Gale, brought 
the matter to Professor Rankine's atten- 
tion; who, in a paper and subsequent 
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discussion before the Institution of En- 
gineers of Scotland, March I7th, 1309, 
uses this language: ' It might be interest- 
ing to the Institution to know that there 
was a formula which agreed exactly with 
the results of Mr. Gale's experiments. 
Suppose that before these four-feet pipes 
were laid, the probable discharge had 
been calculated by D'Arcy's formula, the 
result would have differed by one part 
in a thousand., from the actual discharge, 
which was 23,430,000 gallons daily. This 
went toshow that they now possessed a gen- 
eral formula for the flow of water in pipes, 
and the resistance to that flow which 
applied to large as well as to small pipes> 
it applied to pipes of an inch in diameter, 
and from Mr. Gale's experiments they 
would see that it also applied to pipes four 
feet in diameter.' The Glasgow pipes 
had been coated with Dr. Smith's process, 
and were treated as clean pipes and cal- 
culated by the formula (for clean pipes). 
I think that D'Arcy's experiments, con- 
ducted as they were under circumstances 
which contributed in every way to inspire 
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confidence. Mr. Francis' labors in pre- 
senting this formula to us in an English 
dress, with the prestige growing out of 
his well-known capacity for careful in- 
vestigation and computation, and Profes- 
sor Rankin e's indorsement of its applica- 
bility to all conditions of pipe discharge 
up to four feet diameter, must be con- 
sidered as establishing the practical value 
of this special formula for the flow through 
iron pipes." 

Further on it will be shown, when ex- 
plaining the use of the tables, that the 
velocity in the Loch Katrine pipes, found 
readily by the use of the tables, agrees ex- 
actly with the actual velocity, and also 
with the velocity by D'Arcy's formula. 

M. W. Humber, C. E., in his work on 
"Water Supply," states: 

"That which is known as D'Arcy's for- 
mula, in pipes of large diameter appears 
to approach in its results nearer to the 
actual discharge than any other, and it 
was the opinion of Professor Kankine, that 
the resistance decreases to a greater exteut 
in pipes of larger diameter than has been 
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previously supposed. The experiments were 
made with, and the formula of D'Arcy de- 
duced from, pipes which had been long in 
use without offering any impediments from 
incrustation." 

Kutter's formula is derived not only 
from experiments made on channels with 
small hydranlic radius, but also on chan- 
nels with large hydraulic radius, and bis 
coefficients for very large pipes are there- 
fore more likely to agree with the actual 
discharge than D'Arcy's constant coeffi- 
cient of 113.5 for very large pipes. But, 
again, Kutter's formula is open to the ob- 
jection that it is based on experiments 
made on open channels. I may here re- 
mark, although it is only remotely con- 
nected with pipe discharge, that Major 
Allan Cunningham states, as the result 
of his extensive experiments for four 
years on the Ganges Canal, that Kutter's 
formula alone, of all those tried by him, 
was found generally applicable to all con- 
ditions of discharge, and that it gave 
nearer results to the actual velocity than 
any of the other formula tried by him. It 
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gave results with a difference from the 
actual velocity seldom exceeding 71 per 
cent., and usually much less than that. 
When we contrast the wide divergence of 
the old formulae under varying flow from 
the actual velocity, with the results ob- 
tained by Kutter's formula, it will be seen 
that the latter is the most accurate formula 
for channels with large hydraulic mean 
radius. 

In Tables 2, 3, and 4, the values of the 
factors of Kutter's formula are not given 
for diameters less than 6 inches. Mr. L. 
D'A. Jackson, C. E., in his Hydraulic 
Manual, states : 

" For the present, and until further ex- 
periments have thrown more light on the 
subject, it may be assumed that the co- 
efficient of discharge for all full cylin- 
drical pipes, having a diameter less than 
0.4 feet, will be the same as those of that 
diameter." 

Although Mr. Jackson's opinion is en- 
titled to great weight, still the facts all 
tend to prove that the coefficients of diam- 
ettJB below 5 inches should diminish with 



the diminutioD of diameter. The smaller 
the diameter the more effect will the 
roughness of the surface have in diminish- 
ing the discharge. Table shows that 
Kutter's coefficient for 5 inches diameter 
with k=.011 is 82.9, and therefore, accord- 
ing to Mr. Jackson, all the diameters from 
5 inches to J inch should have a coefficient 
of t>2.!>. This is contrary to the principle 
of Kutter's formula, the accuracy of which 
is due to the fact that, other things being 
equal, its coefficients vary with the di- 
ameter. Tile following proofs are given 
in support of the opinion that coefficients 
of diameters below 5 inches should di- 
minish according to the diminution of di- 
ameter. 

1. In Table 9 the coefficients of D'Arcy's 
formula are seen to diminish with the dim- 
inution of diameter. At 5 inches diameter 
the coefficient is 103.8, and at i inch di- 
ameter 59.4. 

2. In Table !> the coefficients of Fan- 
ning'e formula diminish from 4 inches 
diameter with a coefficient of 103.4 to 
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one inch diameter with a coefficient of 
80.4. 

These coefficients are derived from 
the mean velocities in clean pipes with 
a slope of 1 in 126 given in Fanning's 
tables. 

3. In Table 9 the coefficients, as found 
by Kutter's formula with a slope of 1 in 
1,000, and n=.0H, are for 5 inches di- 
ameter, 82.9, anil for % inch diameter, 
32.0. 

The facts, therefore, show that the co- 
efficients diminish from a diameter of 5 
inches to smaller diameters, and it is a 
safer plan to adopt coefficients varying 
with the diameter than a constant coeffi- 
cient. No opinion is advanced as to what 
coefficients should be need with Kutter's 
formula for small diameters. The facts 
are simply stated, giving the .results of 
well-known authors. 

As the coefficients of IVArcy's formula 
vary only with the diameter, the values of 
the factors c*/r and ac\/r, given in 
Table 1 for D'Arcy's formula arc practi- 
cally tiie exact values for all diameters 
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and slopes given, and the results found 
by the use of the tables will be the same 
as the results found by using the for- 

In Tables 2, 3, and 4, the values of cyV 
and ac-^/r for Kutter's formula sometimes 
differ by a small quantity from the actual 
values as found by the use of formula (6). 
These values by Kutter's formula depend 
not only on r, but also on n and s, so that ■ 
n change in any of these three quantities 
causes a change in the values of C\/r 
and aeti/r. It is found, however, that the 
slope of 1 in 1,000 will give coefficients 
which practically differ very little from the 
coefficients derived from the slopes usually 
given to lines of pipe. 

The values of the coefficients from Kut- 
ter's formula given in the tables have 
been computed for a elope of 1 in 1,000, 
and they give values of cy^Tand na\/f 
near enough for practical work. 

I will here give another instance of the 
correctness of the tables. In a late report 
on the Sewerage of Washington, D. C, by 
Captain F. V. Greene, U. S. Engineer*, a 
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table is given of the discharge of several 
egg-shaped and also two circular sewers 
of brickwork computed by Ku tier's for- 
mula (6) with «=.013. 

The small table, now given, shows the 
discharge of the circular sewers as taken 
from Captain Greene's report, and also the 
discharge as . computed by the tables lit 
this work. 





DiBcharge in cubic 

feet per second. 




L 

1 




10 feet diameter, slope 1 in 


1673.68 
1188.28 
965.70 
10240.64 
7240.13 
5908.85 




10 feet diameter, elope 1 in 
10 feet diameter, elope 1 in 


1181.19 


20 feet diameter, dope 1 to 




20 feet diameter, elope 1 in 




20 feet diameter, slope 1 in 









The difference in discharge is so very 
small that the results as given by the rapid 
method of the tables may, for all practical 
purposes, be taken as identical to those 
given by the use of the troublesome and 
tedious formula {0). 
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Should the engineer, however, prefer to 
use formula (6), even then the tables will 
give a ready means of checking the com- 
putations. 

EXPLANATION AND USE OF THE TABLES. 

The velocity mentioned below means ve- 
locity in feet per second. The discharge 
mentioned below means the discharge in 
cubic feet per second. 

Example 1. What is the velocity and 
discharge by Kutter's formula of an iron 
pipe of 2 feet diameter, and with a fall of 
9 feet per mile, the value of n being as- 
sumed equal to .013. 

By formula (8) V=cv7x v / s" 

and by formula (12) Q=ac Vr x y/a 

In Table 7 look out the value of y^ 
corresponding to a fall of 9 feet per mile, 
and it is found =.041286. Look out also 
in Table 4 the value of c v -y"and acy/? 
opposite a diameter of 2 feet, and they 
will be found to be respectively equal to 
71.49 and 224.83— substituting the values 
so found in equations (8) and (12), and 
we have 
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V= 71.49 X .041286 = 2.95 feet per 
second velocity. 

Q=224.63X.04128tt — 9,27 c. feet persec- 
ond discharge. 

If the velocity and discharge are found 
by Kutter's formula (6) itwill he seen that 
a very great saving of work is effected by 
the use of the tables. 

Example 2. An open channel con- 
structed of brick masonry, rectangular 
in cross section, four feet wide on bot- 
tom and with vertical Sides, carries two 
feet in depth of water and has a slope of 
1 in 160. What is its velocity and dis- 
charge by Baziu's formula for open chan- 
nels? As the channel is of brickwork it 
comes under the head of the second type 
of Bazin's formula for open channels by 
which Table 5 is constructed. The hy- 
draulic mean depth r =. . — _ 

wetted perimeter 

= "/• = J- I 11 Table 5 we find that when 
r = 1 the value of C*/f= 118.5. We 
also find in Table 7 that they^corres- 
ponding to aslope of 1 in 160^.079057, 



substitute these values in formula (8) and 
V==118.5X.O70O57=9.37 feet per second 
and Q=aV=8X9.37=74.96 cubic feet per 
second. 

Example 3. An iron pipe one foot six 
inches in diameter, whose natural coeffi- 
cient of roughness is assumed =3.011, is to 
have a velocity not to exceed 3 feet per 
second. What should its slope be by the 
use of Kutter's formula ? 

By formula (10) 

Find by inspection in Table 2 the value 
of t-\ZjT opposite 1 foot 8 inches. It is equal 
to 7.108. Substitute this value and also 
the given velocity in equation (11) and we 
have 

Look out the nearest value of vT to ta ' fl 
in Table 7, and it will be found to be 
.043519 opposite a slope of 10 feet per 
mile, which is the slope required. 

Example 4. A 3 feet 6 inch old iron 
pipe whose natural coefficient is assumed 
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—.013 is to be replaced by a new pipe 
capable of discharging double that of the 
old pipe, the slope remaining unchanged. 
What is the diameter by Kutter's formula 
of the new pipe, its natural coefficient being 
assumed = .011. 

Find by inspection in Table 4 the value 
of acy~^ opposite 3 feet 6 inches diameter. 
It is found equal to 1021.1. Then 1021.1 
X 2=2042.2. As the value of n for the new 
pipe = .011, look out in Table 2 the value 
of aciff nearest to 2042.2, and it is found 
to be 2372.7 opposite a diameter of 4 
feet 3 inches, which is the diameter re- 
quired. 

Look up the values of o*/£ for each 
pipe, and it will be seen that tho velocity 
in the new pipe is to that in the old as 
140:106. 

.Example. 5. Find by Kutter's formula 
the slope of a flume, constructed of un- 
placed planks, 5 feet wide on bottom and 
with .vertical sides 2i feet hjgh, in order 
that it may discharge 102 cubic feet per 
second. 
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Table 3 with n = .012 is applicable to 
this channel. 

_ area 12.5 . „- 

^wetted perimeter 10 
In Table 3 when r= 1.25, the correspond- 
ing value of c-v^T=147.9 
^ 102 _ 
"12.5 

substitute these values of oy£~and V in 
formula (10), and we have: 

Now look out in Table 7 the nearest 
value of y^" to this, and we find it to be 
opposite a slope of 1 in 330, which is the 
slope required. 

Example Q. This example is taken from 
Weisbach's Mechanics of -Engineering. 

A system of pipes consisting of one 
main and two branches is required to 
discharge by one branch 15, and by an- 
other 24 cubic feet of water per minute. 
The levels show the main pipe to have a 
fall of 4 feet in 1,000, the first branch 3 
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feet in 600, and the other branch 1 foot 
in 200. What diameter should the pipes 
have? 

For the solution of this example table 
1, derived from D'Arcy's formula, will be 
used. 

The main is to discharge 39 cubic feet 
per minute, equal to 0.65 cubic feet per 
second with a slope of 1 in 250. One branch 
15 cubic feet per minute, equal to 0.25 
cubic feet per second, with a fall of 1 in 
200, and the other branch, 24 cubic feet per 
minute = 0.4 cubic feet per second, with a 
fall of 1 in 200. 

By inspection find in Table 7 the value of 
*/s nearest to 1 in 250 (21 feet per mile) 
and it is found to be = .063066, and also 
find the value of y^nearest to 1 in 200 
(26 feet permile). It is found = .070173. 
By formula (14). 



the nearest value of ac^/r to this in Table 
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1 is 10.852, opposite which is the diameter, 
7 inches. 

In the same manner for the first branch, 

and the nearest value of ac^jT to this, in 
Tabic 1, is 4.561, corresponding to a di- 
ameter of 5 inches. 

For the second branch, 

0.4 

and the nearest value of acy^T to this, in 
Table 1, is 7.3 opposite a diameter of 6 
inches. The required diameters are there- 
fore: for the main pipe 7 inches, for the 
first branch 5 inches, and for the second 
branch 6 inches. 

Although the explanation of this ex- 
ample, in the use of the tables may ap- 
pear somewhat long, still the actual work 
can be done very rapidly and with little 
trouble. If a comparison is made of the 
work required for the solution of this 
example, as given above by the tables, 
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with the work required for its solution 
by the method of approximation as given 
in Weisbach's Mechanics of Engineer- 
ing, from which the example is extracted, 
it will he seen that there is a great sav- 
ing of labor effected by the use of the 
tables. 

Example 1. Hnmber, in his work on 
Water Supply, states: 

" With a 48-inch cast-iron pipe in 
the Loch Katrine Water Works, having 
an inclination of 1 in 1056, or 5 feet per 
mile, the actual velocity was found to 
be 3.4G feet per second, and D'Arcy's 
formula gives practically the same re- 
sults." 

Let us now find the velocity in this pipe 
by the tables. A 48-inoh pipe has a hy- 
draulic mean depth r of one foot. 

In Table 1, computed from D'Arcy's 
formula for clean pipes, we find the value 
of r — 1, and in the same line we find the 
value of «Vr" = H8,6. 

We also find in Table 7 that y7 for a 
slope of 1 in 1056 = .030773. Subtsitute 
these values in the formula (8), 
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V = ci/^X V7> ant * w « have 

V = 112.0x030773=3.40 feet per second, 
being exactly the same as the actual velo- 
city, and also the same as the velocity 
found by the use of D'Arcy's formula. 

Example 8. Near the head of a small 
irrigation canal the supply of water is 
carried in a rock cutting 10 feet wide at 
bottom; l"i feut wide at surface of water; 
5 feet in depth and having a slope of 1 in 
880. 

The water supply carried in this cut- 
ting being insufficient it is determined to 
increase the supply, without, however, in- 
creasing t.e cross-sectional area of chan- 
nel or its slope. The bottom and sides of 
the rock cutting are very rough, and ia 
order to give them a smoother surface and 
increase the discharge, it is deteririined to 
Jill up all the hollows in them with mason- 
ry, and after this to lay on carefully a coat 
of cement plaster with one- third* sand, and 
to make the surfaces in contact with the 
water smooth and even. 

After the plastering is finished the 
dimensions of the channel will be: width 
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at bottom 9.8 feet: width at water surface 
11.8 feet: depth of water 4.9 feet and the 
elope as before, 1 in 880. 

It is assumed that a near approxima- 
tion to the value of n for the rock cutting 
=.IK25 and for the plastered channel 
» = .011. 

Find the increase in discharge in the 
plastered channel over that in the original 
channel. 

In the original channel 



wetted perimeter 'M.H 

For a slope of 1 in 880, Table 7 gives 
8=.O01136 N=.022o. 

Substitute these values of r, s and n in 
formula (C) and we have: 

■ 1.811 .00281 
v _ X '°" t ".0^5" t ".00113G J2.7228 
14-/41 ft - 00881 1 -0225 \ X-onw 
"*"( ' .001136 I i'2.7228 
.\ Y=i.327 feet per second. 

Now Q=Va=i.327y 55=238 cubic feet 
per second. 
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In the plastered channel .• 
area 52.S 



■wetted perimeter 19.8 

In Table 2 with n = .011 there is no 
value of r equal to 2.673, but the value of 
r immediately more than it, 2.687 has a 
value of ey^" — 264.0, and the value of r 
less than it, 2.625 has cyV =260.2. From 
these when r — 2.673 the value of g*/^. 
=263.15. 

In Table 7 for a slope of 1 in' 880 the 
value of v7 = .03371. 

Substitute these values of r and s in for- 
mula (8), and 

V =0^ X v7> and 
V= 263.15 X.03371=8.87feet per second, 
and 

Q=Va = &87 X 53.92 = 469.4 cubic feet 
per second. 

We here see the effect of a smooth 
surface in increasing the velocity and 
discharge of a channel. Although the 
cross-sectional area has been diminished, 
still the effect of giving a smooth surface 
to the channel has been to more than 



double ita velocity and to almost double ■ 
the discharge. The old formula would 
give almost the same velocity and dis- 
charge to the two channels, as these for- 
mulae do not take the surfaces exposed to 
the How of water into account. 

Example 9. A canal with an earthen 
bed in moderately good order is to have 
a bottom width of 5:2 feet ; depth of 
water G feet ; side elopes li to 1, and a 
slope of one foot per mile. What is its 
velocity and discharge by Kutter's for- 
mula? 

The value of n for this channel may be 
assumed as equal to 0.3 The value of s 
for a fall of one foot per mile will be 
found in Table 7 =.000189311. 

r= area _ 3CC =a m 

wetted perimeter ?3.lii 

Substitute the above values of n, r and 
s in formula (C) and 



=2.037 feet per second, and 
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Q=Va=3.037x366=745 cubic feet per 
second. 

Therefore the veloeity=:3 feet per second 
and the discharge 745 cubic feet per second. 

No. 67 of " Van Nostrand's Science 
Series," by the author, and entitled, "Hy- 
draulic Tables, based on flutter's formula," 
contains an extensive table of slopes and 
■y/Jfroni 1 in 4 to 1 in 1,000, and also 
tables of factors for circular and egg- 
shaped brick sewers with « — .015. 
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Table 1. — Circular Pipes, Sewers, Con- 
duits, etc., flowing under pressure. 
D'Arcy's formula for clean pipes. 

Table giving the values of a and r, and 
also the values of the factors Cy/f and 

ac\/~r f° r uee ' n t ' le formula?. 

V=cVr X V7 Q=acV'r X V7 
These factors are to be used only for 

clean pipes under pressure. 



tf=di- 

iimeter 


• s t 


J3 
1*1 

Si- 
ll- 


Jo,,.- 


For dis- 


ft ins. 


f i 


•"'■ 


charge 
wV7. 


H 


.00077 


.0078 


5.251 


.00403 


! i 


.00136 


.0104 




702 


,00914 


.00307 


.0156 


9 


309 


.02855 


1 


.00545 


.0208 


11 


61 


. 0C:c.i4 


Ihi 


.00852 


.0360 


13 




,11659 


v,< 


.01227 


.0312 




58 


.19115 


.01670 


.0864 


17 


32 


.i(i!t,jti 


2 


.osi.ea 


.0417 


18 




.41857 


» 2^ 


0.0341 


0.052 


•21 


94 


.74786 


S 


0.0491 


U.063 


It 


63 


1.8089 


4 


0.087S 


084 




37 


i\.v;3<) 


5 


0.136 


0.104 






4. 1610 


C 6 


0.196 


0.125 


87 


28 


T.30CM 
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TabjJ! 1.— D'Arcy 


b formula for clean pipes. 


^di- 
ameter 


'% i 


it, 


For ve- 


For dis- 
charge 






S i 


*!3 


cW. 


aeW. 


f. 


ins. 


« 2* 


11 B 






'1 


7 


0.267 


0.146 


40.65 


10.862 





8 


0.349 


0.167 


43.75 


15,270 





9 


0.442 


0.187 


46.73 


20.652 


[1 


10 


0.545 


0,208 


49.46 


26,952 





11 


0.660 


0:229 


52.16 


34.428 







0.785 


0.250 


54.65 


43.918 




1 


0.922 


0.271 


57.00 


52.551 




2 


1.069 


0..92 


59.34 


63,436 






1.227 


0,313 


61.56 


76.537 






1.396 


0.333 


63.67 


88.886 




5 


1.676 


0.S.64 


65.77 


103.66 






1.767 


0.875 


67.75 


119.72 




7 


1.969 


0.396 


69.74 


137.31 




K 


2.182 


0.417 


71.71 


156.46 






2 .406 


0.437 


73.46 


176.66 




10 


2.640 


0.458 




198 83 




11 


2.885 


0.479 


77.05 


222.30 


2 





3.142 


0.500 


78.80 


247 , 57 


3 


1 


3.409 


0.521 


80.63 


274.53 




a 


3.G87 


0.542 


sa. 15 


302 . 00 


'>. 


3 


3.976 


0.66Z 






2 


4 


4.276 


0.583 


85.39 


365.14 


-' 


5 


4.. r .87 


0.604 


86.89 


398.57 


2 




4.909 


0.625 


88.39 


433.92 




7 


5.241 


0.646 


90.01 


471.73 


a 


e 


5.585 


0.667 


91 51 


511.10 


2 


9 


5.939 


687 


92.90 


661.72 



Table 1. — D'Arcy's formula for clean pipet. 



(^di- 
ameter 


1 


111 


For ve- 


charge 

aeVr. 


ft. 


ins. 


a S* 


" 9 






2 


10 


6.305 


0.708 


94.40 


595.17 


■2 


11 


6.681 


0.728 




7ft 


639.88 


3 





7.068 


0.750 


97 


17 


686.76 




1 


7.466 


0.771 




55 


735.75 


S 




7.875 


0.792 


99 


93 


786.94 


3 




8.295 


0.812 


101 


2 


839.38 




4 


8.726 


0.833 


102 


6 


896.07 


3 


6 


9.169 


0.854 


103 


8 


952.10 




6 


9.621 


0.876 


105 




1011.2 


3 


7 


10.084 


0,896 


Hid 




1072.6 


3 


B 


10.559 


0.917 


107 


6 


1130. 5 


3 


S 


11.044 


0.937 


108 


9 


1302.7 


3 


10 


11.641 


0.958 


110 


2 


1271..!. 


:s 


11 


12.04S 


0.979 






1L42.4 







12.566 


1.000 


112 




1414.7 




1 


13.096 


1.021 


113 


7 


1489.4 




2 


13.636 


1.042 


llo 





1567.8 




3 


14.186 


1.062 


116 


1 


1647. 6 




4 


14.748 


1.083 


117 




1729.8 




5 


15.321 


1.104 


118 


4 


1814.6 




6 


16.904 


1.125 


119 


e 


19(11.9 




7 


16.499 


1.146 


120 


6 


1990.1 




8 


17.104 


1.167 


121 


8 


2' )82. 6 






17.721 


1.187 


122 


8 


217G.1 




10 


18.348 


1.308 


124 





9274 . 1 


4 


11 


18.986 


1.229 


126 




2874.8 


S 





19.635 


1.250 


126 


1 


247<i.4 



Googk- 



Table 1.— D'Arcy'a formula for dean pipes. 



<J=di- 


'J 
1 


11: 


For Te- 


For dis- 


In 


Jlj 


locity 


charge 
aeVr. 


ft. ins. 


« B" 








5 1 


20.295 


1.271 


127.8 


2680.6 


5 2 


20.966 


1 


202 


128 


3 


2689.9 


6 3 


21.6*8 


1 


312 


129 


S 


2799.7 


S 4 


22.840 


1 


333 


130 


4 


2912.4 


6 5 


23.044 


1 


354 


131 


4 


3027.8 


5 6 


23. 758 


1 


375 


182 


4 


8146.3 


5 7 


24.484 


1 


396 


188 


4 


8264.9 


6 6 


20.22(1 


1 


417 


184 


4 


3888.9 




25 967 


1 


437 


135 


4 


3616.0 


5 10 


26,726 


1 


558 


186 


4 


3646.1 


5 11 


27.494 


1 


479 


187 


4 


8776.2 


6 


26.274 


1 


500 


138 


4 


8912.8 


6 3 


80.680 


1 


562 


141 


3 


4833.6 


6 6 


88.18S 


1 


625 


144 


1 


4782.1 


e y 


85.785 


1 


687 


146 


9 


5266.1 


7 


38.485 


1 


750 


149 


6 


6757.6 


7 3 


41,283 


I 


812 


152 


2 


6284.6 


7 G 


44.179 


1 


879 


154 


g 


6841.6 


7 9 


47.178 


1 


937 


157 


6 


7429.3 


8 


50.268 


2 


000 


160 





8043.0 


8 S 


63.456 


2 


002 


162 


5 


8688.0 


8 6 


66.746 


2 


126 


166 





9864.7 


8 9 


60.182 


2 


187 


167 


4 


10068. 


H 


63.617 


2 


250 


169 


8 


10804. 


9 3 


67.201 


2 


S12 


172 


2 


11575. 


6 


70.882 


a 


375 


174 


s 


12370. 


9 9 


74.662 


2 


137 


176 


8 


18200. 



Table 1.— D'Arcy 


b formula for clean pipe* 




4= 


di- 


a 4 


If. 


For ve- 


For dis- 


in 


if 




ffF. 


charge 


ft. 


b * 


e t 


Hi 






10 





78.5*0 


2,500 


179.1 


14066. 


10 




82.616 


2.E62 


181.4 


1*967 




10 


6 


86.590 


2.625 




15893 




Hi 


9 


90.763 


2.687 


185.7 


16856 




11 





95 , 033 


2.750 


187.9 


17855 




11 




99.402 


2.812 


190.1 


18892 




11 


fi 


103.869 


2.87= 


192.2 


19966 




11 


9 


1C8.*34 


2.937 


194.3 


21065 




12 





113.098 


3.000 


196.3 


22204 




IS 


3 


117.869 


3.062 


198.4 


23879 




12 


6 


122.719 


3.125 


200.4 


2*598 




12 




127.077 


3.187 


202.4 


25840 




13 





132.733 


3.250 


204,4 


2718* 




IS 


3 


137.887 


3.812 


206.4 


28*56 




13 


6 


1*3.139 


3.375 


208.3 


29818 




13 


9 


1*8.490 


3,437 


210.2 


31219 




14 





153.938 


3.500 


212.2 


3266* 




14 


6 


165,130 


3.625 


216.0 


35660 




ir> 





176.715 


3.750 


219.6 


88807 






G 


188.692 


3.875 


223.3 


42126 




If! 





201.062 


4.000 


226.9 


*5621 




16 


6 


213.825 


4.125 


230.4 


49273 




17 





226.981 


4.250 


283.9 


53082 




17 


6 


2*0.529 


4.876 


237.3 


57074 




18 





264.470 


4.500 


240.7 


61249 




19 





283 . 529 


4.750 


247.4 


70154 




SO 





314.159 


5.000 


253.8 


79736 








Table 2. — Circular Pipes, Sewers, Con- 
duits, etc., flowing full. Kutter's 
formula with n=.011> 
Table giving the values of a and r and also 
the values of the factors cy^T and 
ac \^r f° r U8e i n *h e formulse, 
V=ey^ x Vs Q=acv7x V7 

These factors are to be used only where 
the value of n, that is the coefficient of 
roughness of lining of channel, =.011, as 
for surfaces carefully plastered with ce- 
ment with one-third sand in good condition, 
also for iron, cement and terra-cot ta pipes, 
well jointed and in best order, and also 
surfaces of other material equally rough. 



ameter 


■ 3 1 

If 


■ft 


For ve- 


charge 


a ta 


if 


eVV. 


acV7. 


5 


0.136 


0.104 


26.76 


3.6398 




0.196 


O.liG 


30.98 


6.0627 






0.146 


34.94 


9.3294 


« 8 




0.167 


38.77 


1 B . 581 


9 


0.442 


0.1H7 


42.40 


18.742 



Tabiji 2.- 


-Sutter's formula with n 


=.011. 


d-di- 


■31 

s i 
11 1 


ill 


Forve- 


For dig. 


ameter 


eVr. 


t^ 


ft. iM. 


o f 


JJa 






10 


0.545 


0.208 


45.83 


24.976 


11 





660 


0.229 


49.46 


32.644 


1 





7sr, 


0.250 


52 85 


41.487 







922 


0.271 


55.95 


51.588 


1 2 




069 


0.292 


59.13 


63.210 


1 M 




227 


0.312 


62.22 


76.347 




1 


396 


0.383 


65.21 


91.037 


1 5 




f,76 


0.354 


68.26 


107.58 


1 6 


1 


767 


0.375 


71.08 


125. eo 


1 1 




!»BB 


0.396 


73.90 


145.51 


1 B 


2 


183 


0.417 


76.7-1 


167.50 


1 9 


2 


■i()i> 


0.487 


79.33 


190.79 


1 10 


2 


6*0 


0.458 


82.11 


216.76 


1 u 


2 


885 


0.479 


84.75 


244 50 


2 


3 


142 


0.500 


87.36 


274.50 


2 1 


8 


409 


0.521 


39.94 


306.60 


2 a 




687 


0.542 


92.38 


340.59 


2 3 


3 


970 


0.562 


94.84 


377.07 


2 4 


4 


276 


0.583 


97.83 


416.16 


2 S 


4 


bM 


0.604 


99.66 


457.13 


2 6 


4 


909 


0.625 


102.0 


500.78 


2 7 


S 


241 


0.646 


104.6 


547.92 


a 8 


5 


",«.! 


0.667 


106.8 


596.70 


2 9 


S 


93!) 


0.687 


109.0 


647.18 


2 ID 


6 


SOS 


708 


111.3 


701.77 


3 11 




681 


0.729 


113.5 


758.16 


3 


7 


068 


0.750 


115.7 


817.50 
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Taulz 2. — Kutter's formula with ? 


=.011. 


<f=di- 

in 


1 


f-ej 

n|- 


For vo- 


charge 


ft, ins. 






3 1 


7.466 


0.771 


117.9 


880.03 


3 2 


7.875 


0.792 


120.1 


945.69 


3 3 


8^295 


0.812 


122.1 


1013.1 


3 4 


8. 72 J 




124.3 


1084.5 


3 5 


9.169 


0.854 


128.3 


1158.0 


3 6 


9.621 


0.875 


128.3 


1234.4 


3 7 


•10.084 


0.896 


130.3 


1314.1 


8 8 


10.659 


0.917 


132.3 


1397.1 


3 9 


11.044 


0.937 


134.4 


1484.2 


3 10 


11.641 


0.958 


136.4 


1674.7 


3 11 


12.048 


O.TO 


138.8 


1666.5 


4 


12.566 


1.000 


140.4 


1764.3 


4 1 


13.096 


1.021 


142. a 


1862.7 


4 2 


13.636 


1.042 


144.3 


1967.1 


4 8 


14.186 


1.062 


146.1 


2072.7 




14.748. 


1.088 


148 


2182.5 


4 5 


15.321 


1.104 


119.9 


2296.0 




15.904 


1 . 125 


161.7 


2413.3 


4 7 


16.499 


1.146 


168.4 


2531.7 


4 8 


17.104 


1.167 


155.3 


2657.1 


4 9 


17.721 


1.187 


167.1 


2783 . 4 


4 10 


18.348 


1.208 


159.0 


2917.0 


4 11 


18 , 986 


1.229 


160.9 


8054.1 


5 


19.635 


1.250 


162.6 


8191.8 


5 1 


20.295 


1.271 


164.5 


3837.5 


5 2 


20.966 


1.292 


166.0 


3480.8 


5 3 


21.648 


1.312 


167.9 


8684. S 



a with n-- .011. 



fcdi-- 


.a ■£ 


Mi 






amfitsr 


<[ i 


ta* 


charge 


ft. ins. 


« g- 


1!B 






6 4 


22.340 


1.333 


169.6 


3789.0 


5 5 


33.044 


1.354 


171.3 


3944.4 


6 e 


23.758 


1.375 


173.1 


4111.9 


6 7 


24.484 


1.396 


174.6 


4275.4 


6 6 


25.220 


1.417 


176.4 


4448.0 


6 9 


25.967 


1.437 


178.1 


4625.2 


6 10 


26.725 


1.458 


179.8 


4806.1 


5 11 


27.494 


1.479 


181.4 


4986.1 


6 


28.274 


1.500 


183.1 


5176.3 


6 3 


30.680 


1.5G2 


187.9 


5764.0 


6 6 


33.183 


1.625 


192.7 


6394.9 


6 9 


35.785 


1 .6N7 


197.2 


7057.1 


7 


38.485 


1.750 


202.0 


7774.3 


7 3 


41.283. 


1.312 




8522.9 


7 6 


44.179 


1.875 


210.9 


9318.3 


7 9 


47.173 


1.937 


215.4 


10162. 


8 


50.266 


2.000 


219.7 


11044. 


8 8 


. 53.456 


2.062 


224.0 


11978. 


. 8 6 


56.745 


2 . 125 


228.3 


12954. 


8 9 


60.132 


2.187 


282.4 


13974. 


9 


63.617 


2.2.50 


236.6 


15049. 


9 3 


67.201 


2.312 


240.7 


16173. 


9 6 


70.882 


2.375 


244.6 


17338. 


9 9 


74.662 


2.437 


248.6 


18558. 


10 


78 540 


2.500 


252.5 


13&34. 


10 3 


82 . 516 


2.562 


256.5 


21166. 


10 6 


86 . 590 


2.625 


260.2 


22534. 



Google 



Table 2. — Kntter's formula -with n 


=.011. 


4=a. 


I 


ft- 


Forw- 


Fordia- 


T 


!T? 


ae\'7. 


ft ins. 


* 8* 


ii a 






10 9' 


90.763 


2.687 


264.0 


23951 . 


11 


95.083 


2.750 


267.7 


25144. 


11 3 


99.402 


2.812 


271.5 


269B7. 


11 6 


103.869 


2.875 


275.3 


28693. 


11 S 


108.434 




278.8 


30235. 


12 


113.098 


8.000 


282.4 


31937. 


12 3 


117.859 


3.062 


286.0 


33702. 


12 6 


122.719 


2.125 




35629. 


12 9 


127. 677 


3.187 


292.9 


37399. 


13 


132.733 


3.260 


296.5 


39368. 


13 8 


187.887 


3.312 


299.9 


41352. 


18 e 


143.139 




808. 8 


43412. 


13 9 


148.490 


3.437 


>)6.7 


45543. 


14 


153.938 


3. GOO 


310 1 


47739. 


14 6 


165.130 




816.8 


52308. 


IS 


176 715 


s!750 


823.1 


57103. 


15 6 


188.692 


3.875 


329.6 


62186. 


16 


201.062 


4.000 


336.0 


67557. 


16 6 


218 . 825 


4.125 


342.2 


73176. 


17 


226. 981 


4.250 


348.3 


79050. 


17 6 


240.529 


4.375 


354.3 


85229. 


18 


254.470 


4.500 


860.4 


91711. 


19 


288.520 


4.750 


372 3 


105570. 


20 


314.159 


5.000 


383.8 


120570. 



Table 3. — Circular Pipes, Sewers, Con- 
duits, etc., flowing full. Kutter's 
formula with »=.012. 

Table giving the values of a and r and also 
the values of the factors e-vV an ^ 
ac-yV for use in the formula. 

Tliese factors are to be used only where 
the value of n, that is the coefficient of 
roughness of lining of channel, =.012, as 
for nnplaned timber when perfectly con- 
tinuous on the inside and also flumes. 



d=di- 


.3 i 


Ik 


Pot ve- 


For dis- 




II 






in 


ifi 


elf. 


charge 
oeVZ 


ft ins. 


" 


"1 






6 


0.136 


0.10* 


23.70 


s.sas* 


6 


0.196 


0.1S5 


27.45 


5 3800 


7 


0.867 


0.146 


31.05 


8.2911 


8 


319 


0.167 


34.51 


12 042 


9 


0.442 


0.187 


37.80 


16 708 


10 


0.545 


0.268 


40.95 


22.S17 


11 


0.666 


0.229 


44.32 


29.183 


1 


0.785 


0.250 


47.30 


37.149 
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Table 3.— Hatter's formula wltli »=.019. 



d=di- 


•a i 
1 


ft 


For»e 


For dis- 


ameter 
in 


looity 

9 *V 


charge 
aeVri 


ft ins. 


8 * 


"a 






1 1 


0.922 


0.271 


80.11 


46. 199 


1 2 


1.069 


0.292 


52.99 


80.G41 


1 8 


1.227 


0.312 


85.78 


6B.-i*6 


1 4 




0.333 


£8.50 


Q. 681 


1 5 


l!s76 


0.354 


fit.ac 


0G.648 


1 6 


1.767 


O.BFS 


63.S3 


■;/:;. 79 


1 7 


1.969 


0.8W 


88.4?. 


180.76 


1 8 


2.182 


0.417 


ffi.03 


160.61 


1 9 


2. +05 


0.437 


71.38 


171.66 


1 10 


2.640 


0.458 


78. 9i> 


195.14 


1 11 


2.885 


0.479 


76.33 


220.21 


2 


8.142 


0.500 


78.72 


24T.8S 


2 1 


3.409 


0,621 


81.07 


276.38 


a 2 


3.687 


0.542 


83. 29 


.307.10 


2 3 


8.976 


0.562 


85.54 


340.10 


2 4 


4.276 


0.583 


87 81 


375.46 


2 5 


4.587 


0.604 


89.94 


412.54 


2 6 


4.U09 


0.625 


92.09 


452.07 


. 2 7 


5.241 


0.646 


94.41 


494.78 


2 8 


5.585 


0.667 


96.52 


589.07 


. 2 9 


5.939 


0.687 


SU.49 


584.90 


2 10 


6.31)5 


0.708 


100.6 


634.46 


2 11 


6.681 


0.729 


102,6 


685.64 


3 


7.068 


0.750 


104.6 


739.59 


8 1 


7.466 


0.771 


106.7 


796.38 


3 2 


7.875 


0.792 


108.7 


8;>6. \?, 


3 3 


8.295 


0.812 


110.6 


917.41 



18.318 


l.i - 


18.986 




19.635 


1 . i •■ 


20.295 


i.sn 


20.966 


1.2W 


21.6*8 


i.na 




1.333 




1.3->i 


23.758 


1.375 
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lABta 3.- -K utter 1 !) fcrmulft with »=.012. 



ameter 






lOOity 
*K 


Fordis- 
charge 


ft. ins. 


e & 


"a 






1 1 


0.922 


0.271 


50.11 


46. .99 


1 2 


1.069 


0.292 


52.99 


B6.lia 


1 3 


1.227 


0.312 


65.78 


68.4*6 


1 4 




0,333 


58.60 


BLG61 


1 « 


1.676 


0.554 


0..8G 


03.648 


1 6 


1.767 


0.8SB 


63.S3 


1 ?..■!■'. 79 


1 7 


1.969 


O.SOT 


BS. AT. 


130.76 


1 8 


2.182 


0.417 


ffi.03 


150.61 


1 9 


2.405 


0.437 


71.38 


171.66 


1 10 


2.640 


0.468 


78.9a 


195.14 


1 11 


2,885 


0.478 


76.33 


220.21 


2 


S.142 


0.500 


78.72 


247.83 


2 1 


3.409 


0.521 


81.07 


276.38 


2 2 


8.687 


0.642 


63.28 


,307.10 


a s 


8.976 


0.562 


85.54 


340.10 


2 i 


4.276 


0.583 


87. HI 


375.46 


2 5 


4.587 


0.604 


83.9! 


413,54 


a c 


4.1)09 


0.625 


aa 09 


452.07 


2 7 


6.241 


0.646 


94.41 


494.78 


2 8 


5.585 


0.667 


96.52 


589 07 


a 9 


6.939 


0.687 


03.49 


584.90 


2 10 


6.305 


0.708 


100.6 


G3i.4f> 


2 11 


6.681 


0.729. 


102,6 


685.64 


3 


7.068 


0.750 


104.6 


739.69 


8 1 


7.466 


0.771 


106.7 


796.38 


8 2 


7.875 


0.792 


108.7 


856.12 


3 3 


8.295 


0.812 


110.6 


917.41 



Table 3. — Knttar's formula with v 



t!=di- 


it 

a £ 

i! i 


Jij 

■J 8-9 


For ve- 


ito 


M. ins. 


eV7. 


M^T. 


S 4 


8.726 


0.883 


112.6 


982.39 


S 5 


9.169 


0.854 


114.* 


1049.1 


a B 


9.621 


0.875 


116.3 


1118 6 


8 7 


10.094 


0.896 


118.1 


U91.1 


3 B 


10.559 


0.917 


120.0 


1267.0 


8 9 


11.044 


0.987 


181.9 


1345.9 


3 111 


11.8*1 


0.958 


123.8 


1428.3 


3 11 


12.048 


0.979 


12S.7 


1514.0 


4 


12.566 


1.000 


127.4 


1600 9 


4 1 


13.096 


1.021 


129.1 


1690,7 


4 2 


13.635 


1.042 


131.0 


1785.8 


4 3 


14.186 


1.062 


132.7 


18B2 8 


4 4 


14.748 


1.083 


134.4 


19-^.3 


4 6 


15.321 


1.10* 


136.2 


2085 9 


4 6 


15 90* 


1.125 


137.9 


2193.0 


4 7 


16.499 


1.146 


189.5 


^301.0 


4 8 


17.10* 


1.167 


141.2 


2415.4 


4 9 


17.721 


1.187 


142.8 


2530 8 


4 In 


18.348 


1.208 


144.6 


2652.8 


4 11 


18.986 


1.229 


146,3 


277V 8 


5 


19.635 




147.9 


2903.6 


5 1 


20.295 


1.271 


149.4 


3032.9 


5 2 


20.966 


1.292 


151.2 


3109 . 8 


5 3 


21.6*8 


1.313 


152.8 


3307. 


5 4 


22.340 


1.833 


154.4 


344H.3 


5 5 


28.0** 


1.354 


155.9 


■tf,m . r, 


5 6 


88.768 


1.375 


157.5 


3742.7 



Googk- 





fiELB 3. — Kuttut's formula with n 


=.012. 


<*=di- 




It* 


For Te- 


For dis- 


ameter 


locity 


charge 






?|a 


o*7. 


«f£ 


ft. 


ins. 


g" 


vfl 






5 


7 


21.484 


1.396 


159.0 


3892.0 


5 


8 


25 . 230 


1 417 


160.6 


4049.5 


5 


9 


25.967 


1.487 


162.2 


4211.2 


6 


10 


26.729 


1.458 


163.8 


4376.4 


5 


11 


27.494 


1.479 


165.1 


4540.5 


6 





28.274 


1.500 


166.7 


4713.9 


5 


3 


30.680 


1.662 


171.1 


5250.1 


6 


6 


33.183 


1.625 


175.6 


5825.9 


6 


9 


35.785 


1.687 


179.9 


6436.7 


7 





36.485 


1.750 


184.2 


7087.0 


7 


3 


41.288 


1.812 


188.3 


7772.7 


7 


6 


44.179 


1.879 


192.4 


8501.8 


7 




47.173 


1.937 


196.6 


9275.8 


8 





50.266 


2.000 


200.6 


10083. 


8 


8 


53.456 


2.062 


204.5 


10934. 


8 




56.745 


2.125 


208.5 


11832. 


8 


9 


60.132 


2.187 


212.3 


12766. 


9 





63.617 


2.250 


216.2 


13751. 


9 


3 


67.201 


2.312 


219.9 


14790. 


9 




70.882 


2.375 


223.6 


15ft 7. 


9 


9 


74.662 


2.437 


227.2 


1696.1. 


10 





78.540 


2.500 


230.9 


18134. 


10 


3 


82.516 




234.6 


193S6. 


1.0 


6 


86,590 


2.625 


238.0 


20612. 


10 


9 


90.763 


2.687 


241.5 


21921. 


11 





95.033 


2.750 


245.0 


23285. 


11 


8 


99.402 


2.812 


248.5 


24703. 



Table 3. — Ratter's formula with n 



a= 


di- 


.9 £ 


ft 

Vi 


For T8- 


Fordis. 


T 


ll 


e^r. 


charge 
ocVrT 


a. 


ins. 


• S 


" s 






11 


6 


103.869 


2.875 


252.0 


26179. 


11 


9 


108.434 


2,937 


255.4 


27689 




IS 





113.098 


3.000 


258.7. 


29254 




12 


3 


117.869 


3.062 


262.0 


30876 




12 


6 


122.719 


3.126 


266.3 






12 


9 


127.677 


3.187 


268.5 


34277 




13 





132.733 


3.260 


271.8 


36077 




18 


s 


137.887 


3.312 


274.9 


37909 




18 




143. 139 


3.875 


278.1 


39802 




13 




148.490 


3.437 


281.2 


41755 




14 





153.938 


3.500 


284.4 


43773 




14 


6 


165.130 


3.626 


290.5 


47969 




15 





176.716 


3.750 


296.4 


52382 




15 


e 


188.692 


3.875 


302.4 


57061 




16 





201.1)62 


4.000 


308.4 


620O8 




16 


6 


213.825 


4.126 


314.2. 


67183 




17 





226.981 


6.260 


319.8 


72594 




17 


6 


240.629 


4.375 


326.6 






18 





264.470 


4.600 


331.1 


84247 




19 


c 


282.629 


4.760 


342.1 


96991 




20 


c 


314.149 


6.000 


352.6 


110905 





Googk- 



Table 4. — Circular Pipes, Sewers, Con- 
duits, etc., flowing full. Kutter's 
formula with «=.013. 

Table giving the values of a and r and 
also the values of factors Ci/^ and 
ae.y / j-~ for use in the formulae, 

These factors are to be used only where 
the value of n, that is the coefficient of 
roughness of lining of channel, =.013, as 
in ashlar and well laid brickwork, ordinary 
metal, earthenware and stoneware pipe, 
in good condition, but not new, cement 
and terra-cotta pipe not well jointed nor 
in perfect order, plaster and plaued wood 
in imperfeet or inferior condition, and also 
surfaces of other material equally rough. 



d=di- 


it 
h 


5j3 


F 




ara etcr 


**T. 




ft. ins. 










5 


0.186 


104 


21.20 


2 8839 


o e 


0.196 


0.128 


24.60 


4.8216 


7 


0.267 


0.146 


27.87 


7.4425 



Googk- 



Tablb 4. — Sutter's formula with n 


=.013. 


<*=di- 

ameter 


I* 
1 


ttf 

hi 


e t r . 


For dis- 

aeYr. 


ft. ins. 


e r 


II 






8 


0.349 


0.167 


31.00 


10.822 


9 


0.442 


0.187 


34.00 


15.029 


10 


0.645 


o.aoa 


.16 . t-7 


20.095 


11 


o.ceo 


0.229 


39.84 






0.785 


0.25O 


42.65 


33.497 




0.922 


0.271 


io.22 


41.692 




1.069 


0.292 


ij.*r, 


61.157 




1.227 


0.312 


50,42 


61.867 




1.396 




52.90 


73.855 




1.676 


0.354 


55,44 


87,376 




1.767 


0.375 


57.80 


102.14 




1.969 




60.17 


118,47 




2.182 


0^417 


62 58 


136 . 54 




2.406 


0.487 


fit . :;t 


155.68 


1 10 


2.640 


0.458 


f.7.07 


177.07 


1 11 


2.885 


0.479 


89.29 


199.90 


2 


8.142 


0.600 


71.49 


224.63 




3.409 


0.621 


73. 6i 


251 . 10 


2 2 


3.687 


0.542 


75.70 


279.12 


2 3 


3.976 


0.562 


77.77 


309.28 


2 4 


4.276 


0.583 


79.87 


341.52 


2 5 


4.587 


0.604 


81.83 


375.37 


2 6 


4.909 


0.625 


83.82 


411.27 


2 7 


5.241 


0.648 


86.95 


450.49 


2 8 


6.685 


0.667 


87.89 


490.88 


2 9 


5.939 


0.687 




532 . 76 


2 10 


6.305 


0.708 


91.68 


578.02 



Tiblx 4.— Kuttefa formula with n=.013. 



i=di- 
in 


■2 1 


#1.9 


For ve- 


For die- 






aeVr, 


ft. ins. 


a g* 


11 = 






2 11 


6.681 


0.729 


93.52 


624.82 


3 


7.068 


o . 780 


95,37 


874.08 


8 1 


7.466 


0.771 


97.26 


726.05 


8 2 


7.875 


0.792 


99.13 


780.63 


3 3 


8.295 


0.812 


100.9 


836.69 


8 4 


8.726 


11 B83 


102.8 




8 5 


8.169 


0.854 


104 4 


957.36 


3 6 


9.621 


0.875 


106.1 


1021.1 


3 7 


10.081 


0.896 


107.9 


1087 . V 


3 8 


10 559 


0.917 


109.6 


1157.8 


S 9 


11.044 


0.937 


111.3 


1229 . 7 


.3 10 


11.541 




113.1 


1306 . 3 


8 11 


12.048 


0.979 


114.9 


1384 1 




12.566 


1.000 


116.5 


1463.9 


4 1 


13.096 


1.021 


118.1 


1546. S> 


4 2 


13.035 


1.042 


119.8 


1633 . ii 


4 3 


14.186 


1.062 


121.4 


1732.0 


4 4 


14.748 


1.088 


123.0 


1813.8 


4 5 


15 321 


1.104 


124.6 


1008.0 


4 6 


15.904 


1,125 


126.2 


2007.0 


4 7 


16.499 


1.146 


127.7 


220*; . 1 


4 8 


17.104 


1.167 


129.3 


2211.1 


4 9 


17.721 


1.187 


130.7 


2316.9 


4 10 


18.348 


1.208 


132.4 


:J429.1 


4 11 




1.229 


134.0 


3543 . 9 


6 


19 . 635 


1.250 


135.4 


y«5B.O 


S 1 


20.205 


1.271 


136.9 


3778.7 



Tittt. 4. — Hatter's formula with, n 



d 


=di. 


8 i 


ill 

fiS 


For ve- 


For die- 


ameter 


.T 


charge 


H. 


2 


* s 


*.a 






5 


20.966 


1.292 


138.5 


2903.5 


5 




21.648 


1 312 


139.9 


3029.4 






22 . 340 


1.333 


141.4 


3159.0 


r, 




23.044 


1.354 


142.9 


3292.3 


5 


!> 


23.758 


1.375 


144.3 


3429.2 




7 


24.484 


1.396 


145.6 


3566.2 


r, 


8 


25.220 


1.417 


147.1 


3710.9 





9 


25.967 


1.437 


148 6 


3859.7 


E 




* 26.729 


1.458 


150.1 


4012.2 


:. 


11 


27.494 


1.479 


151.4 


4162.7 


ti 





28.27-i 


1 . .'(Ml 


152.9 


4322.9 


s 


3 


30.680 


1.562 


157.0 


4816.8 




ti 


33.183 


1.625 


161.2 


5339.7 


G 




35.785 


1.687 


165.2 


5911.5 


7 





an. 485 


1.750 


169.2 


6510.6 


7 


S 




1.812 


173.0 


7142.0 


7 




44! 179 


1.879 


170.9 


7814.2 


7 




47.173 


1 937 


180.8 


8527.9 


8 





50.266 


2.000 


184.5 


9272 . 6 


B 


8 


53.456 


2.062 


188.2 


10059. 


8 


S 


56 . 745 


2.125 


191.9 


10889. 


B 


9 


60.132 


2.187 


195.4 


11753. 


3 





63.617 


2.250 


199.1 


12663. 


9 




67.201 




202.6 


13613. 


9 


6 


70.882 


2^375 


205 . 9 


1 4.197 . 


9 


9 




2.437 


209.3 


15629. 


10 





78.640 


2.500 


212.8 


16709.0 



Googk- 



Table 4. — Kutter's formula ■with n 


=.013. 


<i=di- 

ometer 

in 


it 

!§ 


It 
■3*1.9 


For ve- 


charge 


ft. IDS. 


a S" 


"a 






10 3 


82.516 


2.562 


216.2 


17837. 


10 6 


86.590 


2. 025 


219.4 


18996. 


10 9 


90.763 


2.687 


222 6 


20205. 


11 




2 . 750 


22,-. 9 


21464. 


11 3 


99,402 


2.812 


22!) . 1 


22774. 


11 6 


103.869 


•> . 875 


2:12.4 


24139. 


11 9 


108.431 


:• , "37 


23.1 . i 


25,1:13., 


12 


113.098 


3. ();■() 


238.6 


20981 . 


12 3 


117.859 


S.062 


241.7 * 


28484. 


12 6 


1 22 . 719 


3.126 


244.8 


30041. 


13 9 


127.677 


3.187 


247.8 


31633. 


13 


132.733 


3 250 


:50.9 


33301. 


13 3 


137 , 8S7 


3.312 


253.8 


34998. 


13 6 


143.139 


3.375 


256.8 


88752. 


13 9 


148.490 


8.437 


259.7 


38661. 


U 


153 938 


3.600 




40432. 


14 G 


lfn.ino 


3.625 


2'8i4 


44322. 


15 


176. 715 


3.750 


274,0 


48418. 


16 6 


188.692 


3.875 


279.6 


52753. 


16 


201.062 


4.010 


285,2 


57348. 


1(5 S 


213 . 825 


4.125 


290.6 


62132. 


17 


226.981 


4.250 


295.8 


67140. 


17 6 


2-iu. r.. 1 ;) 


4.375 


301.0 


72409 . 


18 


254 470 


4.500 


306.3 


77!) 32. 


19 


282.529 


4.75. 


816.6 


897S9. 


20 


314.159 


5.000 


326.5 


102559. 



It 

Table 5. — Value of cVr *° be use ^ on ^V 
in the use of the second type of the 
use of Basin's formula for open chan- 
nels with an even lining of cut stone, 
brick-work, or other material with 
surfaces of equal roughness exposed 
to the flow of water. This formula is 

?xV7 



= C*J r 



where 



=-yj 1+.000013^4.3.">4+-^) 



Hydraulic 
feet, r. 


i 


Hydraulic 

feet, T. ' 


.*■ 


0.104 


23.710 


0.312 ; 


55.783 


0.125 


27.617 


0.333 


r,S . 340 


0.146 


31.284 


0,354 


01.8(18 


0.167 


34.569 


0.37a | 


0:}.;«0 


0.18T 


88.147 


0.396 


65.756 


0.208 


41.327 


0.417 


US.ir.9 


0.229 


44.484 


0.437 


70 . :VS7 


0.250 


47.430 


0.458 


72.61.T 


0.271 


50.267 


0.479 


74.764 


0.282 


53.077 


. 500 


;ii . 9ov 



Table 5. — Valoe of c f r in Bazin's Formula, 
Second Category. 



Hydraulic 




Hydraulic 




depth in 
feet, r. 


»^F 


depth in 
feet,*-. 


«*7 


0.562 


83.048 


1.750 


163.48 


0.625 


88.772 


1.875 


169.80 


0.687 


94.315 


2.000 


175.99 


0.750 


99.573 


2.125 


182.02 


0.812 


104.53 


2.250 


187. 7T 


0.875 


109.35 


2.375 


193.36 


0.937 


114 00 


2.500 


198.83 


1.000 


118.50 


2.750 


209.31 


1.062' 


122.82 


3.000 


219.36 


1.125 


127.05 


3.250 


228.98 


1.187 


131.00 


3.500 


288.18 


1.251) 


135.08 


3.750 


216.96 


1.312 


138.93 


4.000 


255.58 


1.375 


142.79 


4.250 


263.81 


1.437 


146.42 


4.300 


271.87 


1.E00 


149.90 


4.750 


279.78 


1.625 


156.83 


5.000 


287.80 



6. — Values of V7 for diameters 
given in Tables. 



Diameter. 


Vr 


Diameter. 


Vt 


Ft. Ins. 


in Feet 


Ft. 


b. 


in Feet. 


5 


0.323 


2 


9 


0.82B 


6 


0.35* 


2 


10 


0.842 


7 




2 




0.854 


8 


408 






0.866 


9 


0.433 


3 




0.878 


10 


0.456 






0.890 


11 


0.47l» 


3 




0,901 


1 


0.600 


8 




0.918 


1 1 


0.520 


3 




0.924 


1 2 


0.S40 
0.559 


3 




0.935 
0.946 


1 4 


0.577 


3 




0. 957 




0.595 


8 




0.968 


1 I! 


0,612 




10 


0.979 


1 7 


0.629 




11 


990 


1 8 


0.646 






1.000 


1 9 


0.661 


4 




1.010 


1 10 


0.677 


4 




1.021 


1 11 


0.692 






1.031 


2 


0.707 


4 




1.041 


2 1 


0.722 


4 




1.051 


2 a 


0.736 


1 




1,061 


2 3 


0.750 


4 


7 


1.070 


2 4 


764 






1.080 


2 6 


0.777 


4 




1.089 


2 3 


0.700 




10 


1.099 


2 7 


0.804 




11 


1.109 


2' 8 


0.817 


5 





1.113 



0,OO;<L 



Table C. — Values of «j r for diameters 
given in Tables. 



Diameter. 


v7 


Diameter. 


( — 


Ft Ins. 


in Feet. 


Ft. Ins. 


in Feet. 


5 1 


1.127 


10 


1.581 


5 2 


1.137 


10 8 


1.601 


5 3 


1.146 


10 6 


1.620 


5 4 


1.155 


10 9 


1.639 


r. G 


1.164 


11 


1.658 


f. 6 


1 173 


11 3 


1.677 


B 7 


1.181 


11 6 




8 e 


1.190 


11 9 


1>14 


5 9 


1.199 


12 


1 . 732 


5 10 


1.208 


12 3 


1 . 730 


5 11 


1.216 


12 G 


1.768 


6 


1.325 


12 9 


1.785 


6 a 


1.250 


13 


1.803 


6 6 


1.275 


13 3 


l.SliO 


6 9 


1.299 


13 6 


1.837 


7 


1.323 


IS 9 


1.8M 


J 3 


1.346 


14 


1,871 


7 6 


1.369 


14 6 


1 904 


7 9 


1.393 


15 


1 . 936 


8 


1.414 


15 6 


1.968 


8 3 


1.436 


16 


2 000 


8 6 


1.458 


16 6 


2.081 


8 9 


1.479 


17 


2.001 


9 


1 . 5(H) 


17 6 


2.091 


9 8 


1.521 




2.121 


9 (1 


1.541 


19 


2.180 



81 
Table 7. — Giving fall in feet per mile ; 
the distance corresponding to a fall 
of one foot, and also the values of a 
and Vs. 
h 



i of s 



= fall of water 



surface (A) in any distance (I) divided 
by that distance. 



Fall in 


Slope, 






feet per 








mile. 


one it 






1 


5-280. 


.1)00189393 


.013762 


a 


2G40. 


.000878787 


.019463 




lrco. 


.000568182 


. 023836 


4 


laao. 


.000767576 


.027524 




1056. 


.000946969 


.030773 


6 


880.0 


.001136364 


.033710 


7 


754. S 


. 001325797 


.036411 




660.0 


.001515151 


. 038925 




586.6 


.001704445 


.041286 




528.0 


,001893939 


.043519 


11 


448.6 


. W_'i..i8:.i:m 


.045643 


12 


440.0 


.002272727 


.047673 


IS 


■urn. i 


.002462121 


.049620 


14 


377.1 


.002651515 


,051493 


15 


852.1) 


.0028 40909 


.058300 


' 16 


330.0 


.003030303 


.055043 


17 


310.6 


.003219696 


.056743 


18 


293.3 


.003-109090 


.058388 


19 


277.9 


.008698484 


.059988 


20 


2 14.0 


.003787878 


. 061546 


SI 


251.4 


.003977272 


.063006 



Googk- 



Table 7. — Slopes. 



Fall in 


Slope, 




V*. 


feet per 






mile. 


one in 






23 


240.0 


004166667 


.064549 


2a 


229.6 


0O4356U60 


.066000 


■ji 


220.0 


004545454 


.067419 


as 


211.2 


004734848 


.068810 


26 


203.1 


004924242 


.070173 


27 


195.2 


005113636 


.071510 


28 


188.6 


005303030 


.072822 


29 


182.1 


005492424 


.074111 


30 


176.0 


005681818 


.075378 


31 


1T0.3 


005871219 


.076624 


32 


165.0 


006060606 


.077850 


33 


165.0 


006250000 


.079057 


34 


155.8 


006439393 


.080246 


35 


150.9 


0O662878B 


.081417 


80 


146.6 


006818181 


.082572 


37 


142.7 


007007575 


.083711 


38 


130.0 


007196969 


.084836 


39 


135.4 


007386363 


.085944 


10 


133.0 


007575757 


.087039 


41 


128.8 


oi>7T(;.-,ifli 


.088120 




125.7 


007954545 


.089188 


43 


122.8 


no*] i3S!3U 


.090244 


44 


120.0 


tK)8:s;j;m:i 


.091287 


45 


117.3 


oiih/;:>:'7'!7 


.092319 


46 


114.8 


008712121 


.093339 


47 


112.3 


008901515 


.094348 


48 


110.0 


009090909 


.095346 


49 


107.7 


009280808 


.096334 


50 


105.6 


009469696 


.097312 


01 


103.5 


009059090 


. 098281 


52 


101.5 


009848484 


.099241 


53 


99.60 


010087871 


,100189 



Fall in 


Slope, 






feet per 








mile. 








64 


97.77 


.010227273 


.101130 


56 


96.00 


.010416667 


.10^060 


56 


94.28 


.010606060 


.102983 


57 


92 63 


.010795454 


.103901 


58 


91.03 


.010984848 


.101809 


59 


89.49 


.011174242 


. 105708 


60 


88.00 


.0113G3636 


.106600 


65 


81.23 


012310606 


.110953 


70 


75.43 


.013257576 


.115141 


80 


66.00 


.015151615 


. 123091 


90 


68.66 


.017045454 


.130559 


100 


62.80 


.018939393 


. 137620 


120 


44.00 


.022727272 * 


.150756 


140 


87.71 


.026515151 


.162835 


160 


33.00 


.030303030 


.174077 


180 




.03409U909 


. 184637 


200 


26.40 


.037878787 


.194625 


240 


22.00 


.041666667 


.213200 


280 


18.86 


.053030303 




320 


lii.50 


.060606060 


'.246183 


860 


14.66 


.068181818 


.261116 


400 


13.20 


.075757575 


.275241 


450 


11.73 


.085227272 


.291937 


noo 


10.56 


.094696969 


.307729 


600 


8.800 


.113636363 


.837100 


700 


7.543 


. 132575757 


.364109 


800 


6.660 


.151515151 


.389249 


900 


6.866 


. 170454646 


.412861 


1000 


5.280 


.189393939 


.435194 


1600 


3.520 


.284090909 


.532925 



Table 7. — Slopes continued. 

(This table is a continuation of the Table of 
SlopeB given in No. 67, Science Series, en- 
tilled "Hydraulic Tables Based on Kutter's 
Formula.") 



Slope, 


Feet, 
per mile. 


•■ 


>'.7 


100 


52.80 


.010000000 


.100000 


Ml) 


26.40 


.005000000 


.070710 


300 


17.60 


.0031188333 


.057735 


1001 


5.274 


.000999000 


.031067 


1002 


5.268 


.000998004 


.061691 


1003 


5.264 


.000997008 


.031576 


1004 


5.259 


.01:0996016 


.031660 


1005 


5.253 


.000996025 


.031544 


1006 


5.248 


.000994086 


.031528 


1007 


5.243 


.000993048 


.031513 


1008 


5.238 


.000992064 


.031 497 


1009 


5.233 


.0011991080 


-i 31481 


1010 


5.228 


.000910099 


.031466 


1011 


5 . 222 


.000989120 


.031450 


1012 


5.217 


.0009 88 142 


.031435 


1013 


5.212 


.000987167 


.081419 


101 + 


5.207 


.000986193 


.031404 


1016 


5.202 


.000985223 


.031388 


lOlti 


5.197 


.000984252 


.081378 


ioir 


5.192 


.000983284 


.031357 


1018 


5.187 


.0O098E318 


.031342 


1019 


5.181 


.000981354 


.031327 


1020 


5.176 


.000980392 


.031311 


1021 


6.171 


.000079432 


.031296 


1022 


G.166 


.000978571 


.031282 


1023 


5.161 


.000977517 


.031255 



Tjjjlk 7. — Slopes. 



Slope, 


Feet, 


, 


v». 


one is 


per mile. 






1024 


5.156 


.000976563 


.031260 


1G25 


5.151 


.000975610 


.031235 


1026 


5.146 


.000974659 


.031219 


1027 


6.141 


.000978710 


.031204 


1028 


6.136 


.000972763 


.031189 


1099 


6.131 


.000971817 


.031174 


1030 


5.126 


.000970873 


.031169 


1031 


5 121 


.000969932 


.031144 


1032 


5.116 


.000968992 


.031129 


1033 


5.111 


.0009 68054 


• .031114 


1034 


6.106 


.000967118 


.031099 


1035 


5.101 


.000966184 


.031083 


1040 


5.077 


.000961538 


.031009 


1011 


5.072 


.000960615 


.030994 


1042 


5.067 


.000959693 


.030975 


1043 


5.063 


.000968773 


.03096* 


1044 


6.058 


.000957856 


.030949 


1045 


5.053 


.000956938 


.030934 


1046 


5.048 


.000956023 


.030919 


1047 


5.043 


.000955110 


.030905 


1048 


6.038 


.000954198 


.030890 


1049 




.000953289 


.030875 


1050 




.000962881 


.030861 


1061 


5.025 


.000951475 


.080846 


1052 


5.019 


.000950570 


.030831 
.030817 


1063 


6.014 


.000949668 


1064 


5.010 


.000948767 


.030802 


1065 


5.005 


.000947867 


.030787 


1056 


5.000 


.000946970 


.030778 


1067 


4.995 


.00094607* 


.030758 


1058 


4.990 


.000945180 


.030744 



Table 7. —Slopes. 



Slope, 


Feet, 












VI 


one in 


per mile. 






1059 


4.986 


000944287 


030729 


1060 




981 


000948396 


030716 


1061 


4 


976 


000942507 


030700 


1062 


1 


972 


000911620 


030686 


1063 


4 


967 


000940734 


030671 


1064 


4 


962 


000939850 


080657 


1065 




958 


000938967 


030643 


1066 


4 


968 


000938086 


030628 


1067 




948 


000937207 


030614 


1068 


4 


944 


000986330 


080599 


106a 


4 


939 


0009354G4 


030585 


1070 


4 


935 


000934579 


030571 


1071 


4 


980 


000933707 


030557 


1072 




925 


000982836 


030542 


1073 


4 


921 


000931967 


030528 


1074 


4 


916 


000931099 


030514 


1075 


4 


912 


000930233 


030499 


1076 


4 


907 


000929368 


030485 


1077 


4 


902 


000928506 


030471 


1078 


4 


898 


000927644 


030457 


1079 


4 


893 


000926784 


030443 


1080 


4 




000925926 


030429 


1081 


4 


884 


000925069 


030415 


1089 




880 


000924214 


030401 


1083 


4 


875 


000923361 


080387 


1084 ' 


4 


871 


000922509 


030373 


1085 


4 


866 


000921659 


030359 


1086 




862 


000920819 


030345 


1087 


4 


857 


000919954 


030331 


1088 




853 


000919118 


030317 


1089 


4 


848 


000918274 


030303 



Googk- 



Googk- 





Table 7 


—Slopes. 




Slope, 


Feet, 






one in 


per mile. 




V*. 


1121 


4 710 


000892(161 


029868 


1122 


4.706 


000891266 


029854 


12:!;.! 


. 4.702 


00089(1472 


02;i8U 


1124 




000889680 


029H28 


1125 


4.693 


000888888 


020614 


11*2G 


4.689 


000888099 


029801 


1127. 


4.685 


000087311 


02f'7M 


112* 


4.881 


000886525 


020775 


my 


4 677 


000885740 


029761 


1130 


4.673 


000884956 


029748 


1131 


4.G68 


000884173 


029735 


1132 


4.061 


000883392 


02!>722 


1133 


4.G60 


000882623 


029709 


1134 


4.056 


000881834 


029696 


1135 


4.052 


000881057 


02<<6M3 


1136 


4.048 


000880282 


029669 


1137 


4.644 


0008 79507 


02965:1 


1188 


4.640 


000878734 


029643 


1139 


4.636 


000877963 


029630 


1140 


4.032 


000877193 


029617 


1141 


4.028 


000876424 


029604 


1142 


4,023 


000875744 


029591 


1143 


4. 01!) 


000874890 


029578 


1144 




000874126 


029566 


1145 


4.611 


000873305 


029553 


114(5 


4.6(17 


0011873600 


029540 


1147 


4.603 


000*71840 


029527 


1148 


4.599 


000871080 


029514 


1149 


4.595 


000871192 


029501 


1150 


4.591 


000869566 


029488 


1151 


4.587 


000868810 


029476 



Table 7. — Slopes. 



Slope, 


Feet, 












vT 


one in 


pbr mile. 






1152 


4.583 


000868055 


029463 


1163 


4.579 


000867303 


029450 




4.575 


000866577 


029438 




4.571 


000865801 


029 425 


11511 


4.567 


000865052 


09.9U2 


1167 


4.563 


000864304 


fl'.i-iV.I 


1168 


4.559 


000863558 


0293SH 


1159 


4.556 


000862813 


029374 


1160 


4.552 


000862069 


029363 


1161 


4.548 


0110861326 


wmi 


1162 


4.544 


000860585 


020336 


11(3 




000859845 


029323 




4.536 


080859106 


029311 


11(55 


4.532 


000858370 


nmw 


1166 




000857623 


029255 




4.524 


000856898 


029273 




4.521 


000856164 


021! 2(14 


11 69 


4.517 


000855432 


02024>S 


1170 


4.513 


000854701 


(iavi235 


1171 


4.509 


000853971 


029223 


1172 


4.505 


000853243 


!>292H> 


1173 


4.501 


000852515 


029198 


117* 


4.497 


000851789 


029185 


1175 


4.494 


000851064 


Oil! 173 




4.490 


000850340 


02911)1 


1177 


4.466 


000849626 


02914.8 


1178 


4.482 


000848896 


039136 




4.478 


000848176 


(.■:>912;i 


11. HO 


4.475 


000847458 


029111 


1181 


4.471 


0008+6740 


029U99 


1183 


4.467 


000846024 


029086 



Googk- 



Table 7. — Slop™. 



Slope, 


Feet, 










«. 


l-'s. 


one in 


pet mile. 






1183 


4.463 


.000846309 


029074 


list 


4.459 


.000844695 


02%<!2 


ms 


4.156 


.0008-13882 


0291)49 


1186 


4.452 


.000843170 


020037 


1187 


4.448 


.000842460 


02902.1 


1188 


4.444 


.000841751 


021 «)13 


1189 


4.441 


.000841043 


029001 


11 90 


4.437 


.000840338 


026388 


1191 


4.433 


.000839631 


028376 


Hi) 2 


4.430 


.000838926 


Oi-.SiHM 


1193 


4.426 


.000888223 


02M9M 


1194 


4.422 


.00(1837521 


0289-10 


ii3r> 


4.413 


. 0008110820 


UiIS3:>8 


1196 


4.415 


.000836120 


026916 


11 97 


4.411 


. 000035 423 


0:^304 


1188 


4.407 


.00083+725 


028892 


1199 


4.404 


.000834028 


0^8811 


1300 


4.400 


.00083333" 


I >■■>!- SOS 


1201 


4.396 


.000832139 


038866 


urn 


4.893 


.O00»,>1946 


028843 


1303 


4.389 


.000831255 


028*31 


1204 


4.385 


.000830565 


028819 


1203 


4.382 


.Ou082y875 


028808 


lai.jc 


4.378 


.000829187 


02878!; 


1207 


4.374 


.000828500 


028784 


1208 


4.371 


.000827815 


028772 


iaos 


4.367 


.000837139 


028760 


1210 


4.364 


.0008 26446 


028748 


1211 


4.1(60 


.000825764 


0HB7HS 


1-12 


4.356 


.O0O82B083 


02872-1 


1313 


4.353 


.000824402 


028713 



Tabu 7.— Slopes. 



Slope, 


Feet, 






° Min 


per mile. 




* 


1314 


'4.349 


.000823723 


D9B701 


1315 


4.346 


.000823046 


u2h;h>i 


121(1 


4.343 


.000822368 


038677 


1217 


4.339 


.000821603 


028fif>5 


1218 




. 000821018 


028653 


ms> 


4.331 


.000820344 


0:«641 


1-220 


4.328 


.000819672 


028630 


1221 


4 824 


.000819001 


028617 


1222 


4.321 


.0O0818K5 


028506 


1223 


4.317 


.000817661 


028.W5 


1224 


4.314 


.000816998 


028583 


1225 


4.310 


.000816326 


028571 


1226 


4.307 


.000815661 


028559 


1227 


4.303 


.000814996 


028548 


1228 


4.300 


.000814332 


028,->Hti 


122<) 


4.296 


.000813670 


028525 


123U 


4.293 


.000813008 


028518 


1231 


4.289 


.000812348 


02sr,oi 


lilii 


4.286 


.000811688 


(i:i.-l!J(i 


1233 


4.282 


.000811030 


028478 


1234 


4.279 


.000810373 


038467 


USE 


4.275 


.000809717 


028465 


1236 


4.272 


.000809061 


(WiU 


1237 




.000808407 


0284rj3 


1238 


4.265 


.000807795 


028421 


i ->:}$ 


4.261 


.000807102 


0281 (i(» 


1240 


4 . 258 


.000806152 


OiSIJUS 


1241 


4.255 


.000805803 


028H87 


1212 


4.251 


.000805153 


(!;«375 


1243 


4.248. 


.000801505 


OL^-StM 


1244 


4.244 


.1)00808858 


02K3.-.2 



Googk- 



Slope, 


Feet, 

per mile. 


■• 


v.T 


1245 


4.241 


.000803213 


028341 


1246 




.000802568 


W.VM 


1247 


4.234 


.000801925 


112631" 


1248 


4.231 


.000801282 


028TO7 


1249 


4.228 


.000800640 


02e29r> 


1250 


4.224 


.000800000 


028284 


1251 


4.221 


.000799396 


02*273 


1252 


4.217 


.000798722 


02S2C2 


1253 


4.214 


.000798095 


02*250 


1254 


4.211 


.000797448 


028239 


1235 


4.207 


.000796813 


028223 


1256 


4.204 


.000796178 


028217 


1257 


4.200 


.000795545 


02820!, 


1258 


4.197 


.01)0794913 


028194 


1259 


4.104 


.1.00794281 


028183 


1260 


4.190 


.000793651 


028172 


1361 


4.187 


.010793021 


028101 


1262 


4,184 


.000792393 


028149 




4.181 


.000791765 


02*13;* 


12K* 


4.177 


.000791139 


02ft 127 


1265 


4 174 


.000790514 


028116 


1266 


4.171 


.0007; 9889 


028105 


1267 


4.167 


.010789266 


028O94 


1268 


4.164 


.000788644 


02811c.'! 


1269 


4.161 


.000788030 


0280V 2 


1270 




.000787402 


028061 


1271 


4.154 


.000780782 


02X05(1 


1272 


4.151 


.000786321 


02S038 


1273 


4. US 


.000785546 


028027 


1274 


4.144 


.00(1784929 


02801S 


1275 


4.141 


.000784314 i 


088006 



Slope, 


Feet, 




_ 


one* 


per mile. 






1276 


4 138 


.000783699 


.027995 


1277 


1.185 


.000783085 


.027984 


1278 


4.131 


.000782473 


.027973 


1279 


4.128 


.000781861 


.027962 


12811 


4.125 


.090781250 




12S1 


4.122 


.000780640 


.027940 


1:?S2 


4.118 


.000780031 


.027929 


1283 


4.115 


.000779423 


.027918 


1284 


4.112 


,000778816 


.027907 


1285 


4.109 


.000778210 




v>h>; 


4.106 


.000777605 


.027886 


1287 


4.103 


.000777001 


.027875 


1288 




.000776398 


.027864 


1289 


4.096 


.000775795 i 


.027853 


1290 


' 4.093 


.000775116 


.027841 


1291 


4.091) 


.000774f>93 


.027831 


1292 


4.087 


.000773994 


.027821 


1293 


4.084 


.000773395 


.027810 


r*94 


4.080 


.000772798 


.027799 


1295 


4.077 


.000772201 


.027789 


1290 


4.074 


.00077161)5 


.027778 


1297 


4.071 


.000771010 


.027767 


1298 


4.068 


.000770416 


.027756 




4 .065 


.000769823 


.027746 


1. 'li.iO 


4.062 


.000709231 


.027735 


1301 


4. 058 


000768024 


.027724 


1302 


4.055 


.000708049 


.027714 


1303 


4.052 


.000707460 


.027703 


1304 


4,049 


.000760871 


.027602 


1806 


4.046 


.00076(128:1 


.027(182 


1 Otl 


4.043 


.000705097 


.027671 











Googk- 



Slop*, 


Feet, 






or* in 


pec mile. 






1307 


4.040 


.000765111 


.027G61 


l.W 


4.037 


.000704526 


.027050 


131)0 


4.034 


.000768942 


.027639 


1310 


4.031 


.000763359 


.027629 


1311 


4.037 


.000762776 


.027618 


1312 


4.024 


.000762195 


.02760S 


1313 


4.021 


0007(51615 


.1)27^07 


1314 


4.018 


.000761035 


.027587 


1315 


4.01S 


.000700456 


.027576 


13111 


4,012 


.000750878 


.027506 


1317 


4.009 


.000759301 


.027555 


1318 


4.006 


. 000758725 


.027545 


1319 


4.003 


.000758150 


.027534 


1320 


4,000 


.000757576 


.027524 


1321 


3.907 


.000757002 


.027514 


132 2 


3.994 


.000756430 


.027503 


1323 


3 991 


. 000755858 


.027493 


1324 


3.988 


.000755217 


.027481 


1326 




.000754717 


.027472 


1320 




.000754148 


.027462 


1327 


3 . UTS) 


.000753579 


.027451 


1328 


3,976 


.000753012 


.027441 


1320 


3.973 


.000752445 


.027431 


1330 


3.970 


.000751880 


.027420 


1331 


3.967 


,1)00751315 


.027110 


1332 


3.964 


. 000750751 


.027400 


1333 


8.9C1 


.000-50187 


.027389 


1331 


3.958 


.000749625 


.027379 


13.'!:, 


3.955 


.000749064 


.037360 


1336 


3.952 


.00074X503 


.027350 


1337 


3,049 


.000747043 


.027349 



Table 7.— Slopes. 



Slope, 1 Feet^ 












Vt. 


one in ' per mile. 






1338 • 3 


946 


.000747384 . 


027338 




943 


.000746826 


027328 


1840 3 


940 


.000746268 


027318 


1341 3 


937 


.000746712 | 


027308 


1342 3 


934 


.000745156 1 


027*98 


1343 3 


932 


.000744601 


027287 


1344 3 


929 


.000744048 


027*77 


1345 3 


926 


.000743420 


027*07 


1346 3 




.000742342 


02V2.->7 


1347 3 


920 


.000742390 


027*17 


1348 3 


917 


.001)74 1840 


027*37 


1349 3 


914 


.000741289 


027227 


1350 3 


911 


.000740741 


027211 


1351 3 


908 


.000740192 


027207 


1362 3 


905 


.000739659 


< 127197 


1353 3 


902 


.000739098 


()1'7 1K6 


1354 3 


899 


.000738552 


027176 


1356 3 


897 


.000738007 


027166 


1356 3 


894 


.000737463 


027156 


1357 8 


891 


.000736920 


027144 


1358 3 


688 


.000736377 


027136 


1359 3 


865 


.000735879 


027126 


1360 3 


882 


.000736294 


027116 


1361 3 


879 


.00073476* 


027106 


136a 3 


877 


.000734214 


027096 


1363 8 


874 


.000733676 


0270H6 


1364 3 


871 


.000733138 


11271)77 


1365 3 


868 


.000732601 


0*7067 


1366 3 


865 


.000732064 


027057 


1367 3 


862 


.000731529 


027047 


1863 8 


860 


.000730994 


027037 



Google 



Table 7. — Slopes. 



Slope, 


Peat, 












*T. 


one in 


psc mile. 






1369 


3.867 


.000780460 


.027027 


1370 


3,854 


. 000729927 


,027017 


1371 


3.851 


.U00729395 


.027007 


1372 


3.848 


.00072881*1 


.026997 


1373 


3.846 


.000728332 


. 026988 


1374 


8.843 


.000727802 


.026978 


1375 


3.840 


.000727273 


. 0201)68 


1376 


3.837 


.OW720744 


.0209(58 


1377 


3.834 


.00"7i6il6 


026948 


1378 


3.832 


.00072 ".689 


.026939 


1379 


3.839 


.000725163 


.026929 


1380 


3.826 


.0007-4038 


.0-£919 


1381 




.000724113 


.026909 


1382 


3^821 


.0D07235M) 


.020.- 99 


1383 


8.818 


.000723066 


.020890 


1384 


3.81ft 


.000722543 


.OM880 


138/i 


3.812 


.01*0722022 


.02i;870 


1386 


3.809 


.1*0721601 


.026861 


1887 


3.807 


. 0007 -0981 


.026851 




3.804 


.000729461 


.026841 


1889 


3.801 


.000729942 


.026832 


1890 


3.799 


.000719424 


.026822 


1391 


3.796 


.000718907 


.026812 


1392 


3.79b 


.00(1718891 


.026803 


1333 


3.790 


.000717876 


.026793 


1394 


3.788 


,000717860 


.026784 


1305 


3.785 


,000716846 


.026771 


1896 


3.782 


.00071633;! 


.026764 


1397 


3 779 


,000715819 


.026755 


1398 


3.777 


.000715308 


.026746 


1399 


3.774 


. 00071 47S.6 


.021,736 



Tablb 7.— Sloped. 



Slope, 


Feet, 










& 


vT 


one in 


per mile. 






1400 


3.771 


.000714286 ! 


026726 


1401 


3.769 


.000718776 1 


026717 


1402 


8.766 


.000713267 


026707 


1408 


8.763 


.000712768 


026698 


1404 


3.761 


.000712251 


026688 


1405 


8.768 


.000711744 


026679 


1406 


8.756 


.000711238 


025669 


1407 


,3.753 


.000710732 


026G59 


1408 


3.760 


.000710227 


026650 


1*09 


8.7*7 


.000709723 


0266*1 


1410 


8.7*6 


.000709220 


0^6681 


1411 


3.742 


.000708717 


026622 


1412 


8.739 


.000708215 


026612 


1413 


8.737 


.00070771* 


026603 


1414 


8.734 


.000707213 


026693 


1415 


3.731 


.00070671* 


026584 


1416 


3.729 


.000706216 


026575 


1*17 


3.726 


.000705716 


026565 


1418 


8.784 


.000705218 ' 


0:wrm 


1419 


3.721 


.000704722 


KG.' 11 


1420 


8.718 


.0007 04225 


026587 


1421 


3.716 


.000703730 


02G628 


1422 


8.713 


.000703285 


n:>tii>i9 


1*23 


e no 


.0007027*1 


026509 


1424 


1.T08 


.000702247 


02l«->00 


1*26 


3.706 


.000701754 


026491 


142ti 


3.703 


.000701262 


026481 


1*27 


8.700 


.000700708 


026472 


1428 


8.697 


.000700280 


026*63 


1*29 


3.69S 


.000699790 


02045* 


1*30 


S.692 


.000699300 


026*44 



Googk- 



Tabus 7. — Slopes. 



Slope, 


Feet, 


( 


VT. 


one in 


per mile. 






1431 


3.690 


.000698812 


.026535 


1432 


8.687 


.000698324 


.026426 


1433 


8.686 


.QOOG9M837 


.026417 


1434 




.000697350 


.026407 


1435 


8.680 


.000696864 


.026398 


1436 


3.6T7 


.000696379 


.026389 


1437 


g.674 


.000695B94 


.026380 


1438 


3.672 


.000695410 


.026371 


1439 




.000094927 


.026361 


1440 


8.667 


.000691444 


.026852 


1441 


3.664 


.000693963 


.02G348 


1442 


3.662 


.000693481 


.026334 


1443 


3.659 


.000693001 


.026325 


1444 


3.657 


.000692521 


.026316 


1445 


3.654 


.000692042 


.026307 


1446 


3.651 


.000691563 


.026298 


1447 


3.649 


.000691086 




14i3 


3.646 


.000690608 


.026279 


1449 


3.644 


.000690131 


.026270 


1450 


3.641 


.000689655 


.026261 


1451 


3.639 


.000689180 


.026252 


1452 


8.636 


.000688705 


.026243 


1453 


3.634 


.000638231 


.026234 


1454 


8.661 


.000687758 


.026225 


1455 




.000687286 


.026216 


1456 


8.626 


.000686813 


.026207 


1457 


8.624 


.000686342 


.029198 


145S 


3.621 


.000685871 


.0261B9 


1453 


3.619 


.000685401 


.026180 


1460 


8.617 


.000684931 


.026171 


1461 


3 614 


.000684468 


.026162 



Googk- 



Table 7.— Slopes. 



Slope, 


Feet, 






one in 


permit 




i 1 !" 


1462 


3.612 


.000683994 


.026153 


a>a 


8.6(19 


.000683527 


.1 WO 144 


1464 


3.607 


.000683060 


.OL'iIUM 


1465 


3.604 


.000682594 


.026128 


im 


3,602 


.000682128 


.026118 


1467 


3.599 


.000681663 


.02011.11) 


14G8 


8.597 


.000681199 


.026100 


1469 


3.591 


.000680735 


. 02609 1 


1470 


3.592 


.000680272 


.026082 


1471 


8.589 


.000679810 


.026073 


1472 


3.587 


.000679348 


.020064 


1473 


3.686 


.000678887 


.026055 


1474 


8.582 


.OO067&42U 


.026047 


1475 


8.580 


.000677966 


.026038 


14 7G 


8.577 


.00(1677507 


.UliHOL'D 


1477 


3.575 


.000677048 


.026020 


1478 


8.572 


.000676590 


.026011 


1479 


3 670 


.000676132 


.026003 


1480 


8.568 


.000675676 


.025994 


1481 


8.565 


.00007,1220 


.025985 


1482 


8.563 


.000674764 


.025976 


14*1 


8.660 


.000674309 


.025967 


1484 


3.568 


.000673854 


.025959 


1485 


8.656 


. .000673401 


.02;1<I.10 


I486 


3.553 


.000672948 


.0*1941 


1487 


3.661 


.000672495 


.025983 


1488 


3.548 


.000672043 


.Kium 


1489 


3.546 


000671592 


.iwr.Hiu 


HBO 


8 544 


.000671141 


.025907 


1491 


3.541 


.000670020 


. 02.1J98 


14'..'-' 


3.539 


.000670241 


.02o889 



Google 



Slope, 


Feet, 


,; 


f». 


one in 


per mile. 






1493 


3.637 


.000669792 


.025880 


1494 


3.53* 


.000669344 


.025872 


Ui>r, 


8 532 


.O00GG8896 


.025863 


1496 


3.529 


.000668449 


.025854 


1497 


3.527 


.OOOGG8003 


.0258*6 


H9S 


3.526 


.000667557 


.025887 


1499 


3.522 


.00O6B7111 


.025828 


1500 


3.52(1 


.000666666 


.025820 


1501 


3.518 


.000666222 


.026811 


1502 


3.515 


.000665779 


.025803 


l;Vi;i 


3.513 


.000665336 


.026794 


160* 


3.511 


.000664894 




150,1 


3.508 


.000664*62 


! 025777 


15(!(i 


8.506 


.000664106 


.025768 


1507 


3.50* 


. 00066 J570 


.025760 


1508 


8.501 


.000663130 


.025751 


1509 


3.499 


.000662691 


.025748 


1510 


3.*97 


.000662262 


.02573* 


1511 


8.49* 


.000661813 


.025726 


1512 


3.492 


.000661376 


.025717 


1513 


8.490 


.000660938 


.025709 


1614 


3.487 


.000600502 


.025700 


1515 


8.485 


.000660066 


.025691 


1516 


3.488 


.000659631 


.025683 


1517 


8.481 


.00065:1196 


.025675 


1518 




.000658761 




1519 


8.476 


.O00f;.-,*!:>8 


.025658 


lr.ao 


S.*74 


.000657895 


.025649 


15121 


3.471 


.000657462 


.0266*1 


1522 


3.469 


.000657030 


.0H;.a;s 


1523 


3.467 


.000656599 


.02562* 



Slope, 


Feet, 










s. 


tT 


one in 


per mile. 






1524 


3.465 


.000656168 


.025616 


1525 


3.462 


.000655737 


.025607 


1526 


3.460 


.000655308 


.025599 


15^7 


3.468 


.000654879 


.025591 


1528 


3.456 


.000654450 


.025582 


1529 


3.453 


.000654023 


.025579 


ir,M 


8.451 


.000653595 


.025566 


1531 


3.449 


.000653168 


.025557 


1532 


8.447 


.000652741 


.025549 


1533 


3.444 


.000652310 


.025540 


153* 


3.442 


.000651890 


.025532 


1535 


3.440 


.00(1652117 


.025524 


1.138 


3.438 


.000651042 


.025516 


1537 


3.485 


.000651)618 


.025607 


153M 


3.433 


.000650195 


.025499 


1530 


3.431 


.IHHJOIB',73 


.025491 


1540 


3.429 


.000649351 


.025482 


1541 


3.426 


.000648930 


.025474 


1.142 


3.424 


,000648502 


.025466 


1543 


3,422 


.0OOG4W.S 


,025457 


1544 


3.420 


.000647668 


.025449 


1545 


8.417 


.000647275 


.025441 


1548 


3.415 


.000646881 


,025433 


1547 


3.413 


.0HW646412 


.025425 


1548 


8.411 


.<)(X)!i45:<!)5 


.025416 


1549 


3.409 


OOOli 45578 


.025408 


1550 


3.407 


.000645161 


.025400 


1551 


3.404 


.000644745 


.025392 


1552 


3.402 


.000644330 


.025384 


1553 


3.40(1 


.0006 4 3 SI 5 


.025375 


1554 


3.398 


.000643501 


.025367 



Googk- 



Table 7.— Slopes. 



Slope, 


Feet, 




Vl 


one in 


per mile. 






1555 


8.396 


.000648087 


.025359 


1566 


3.394 


.000642674 


.025351 


1557 


3.3.43 


.000642261 


.025843 


1558 


3.389 


.000641848 


.025335 


155!t 


3.387 


.0006*1*87 


.025327 


15()() 


3.385 


.1)00641025 


.025318 


1561 


3.382 


000640615 


.025310 


1562 


3.380 


. 00064(1205 


.025302 


ISO?) 


3.378 


.000633397 


.025294 


I.'iCl 


3.376 


.000639386 


.025286 


15115 


3.374 


.000638978 


.025278 


1566 


3.372 


,000638570 


.025270 


15G7 


3.370 


.000638162 


.025262 


1568 


3.367 


.000637755 


.025254 


1569 


3.365 


.000637349 


.025246 


1570 


3.368 


.000636948 


.025238 


1571 


3.361 


.000636637 


.025230 


1572 


3.859 


.000636132 


.025222 


1573 


3.357 


.OO0635728 


.025214 


1574 


3,355 


.000635324 


.025206 


1575 


8.852 


.000634921 


.025198 


1576 


3,350 


.000634518 


.025190 


1577 


3.848 


.000634115 


.025182 


1578 


3.346 


.000638714 


.025174 


157;) 




.000633312 


.025166 


15 SO 


3.342 


.000632911 


.025158 


1581 


3.340 


.O006o2oll 


.025150 


1582 


3.338 


.000632112- 


.025142 


15B3 




.000631712 


.025134 


1584 




.000631813 


.025120 


15S5 


3.331 


.000680915 


.025118 



G„„ 8 L< 



103 
■ 7. — Slopes. 



Slope, 


Feet, 
per mile. 


-•' 


*T 


1586 


3.329 


.000630517 


.025110 


1587 


3.327 


.000630120 


.025102 


1588 


3.325 


.000629323 


.02509* 


1589 




.000629327 


.025086 


1590 


8.821 


. 000628931 


.025078 


1691 


3 319 


.000628535 


.025071 


1592 


3.317 


.000628141 


.025063 


1593 


3.315 


.0006^7746 


.025056 


159+ 


3.312 


.000627353 


.025047 


159S 


3.310 


.000626959 


.025039 


lr.'JO 


3.308 


.000626566 


.025031 


1597 


3.306 


.COl '626174 


.025023 


1598 


3.304 


.000625782 


.025016 


1599 


8.802 


000625391 


.025008 


1800 


3.K00 


. 000025000 


.025000 


1601 


8.298 


.000624609 


.02499*2 


uwi 


8.296 


.000624220 


.024981 


ir,(i3 


3.294 


.000623805 


.024976 


1604 




.000623441 


.024969 


1605 


3.290 


.000023053 


.024961 


i toe 


8.288 


.000622655 


.024953 


1007 




. 000622277 


.024946 


1608 


3.284 


.OU0621891 


.024938 


LS09 


8.282 


.OC0621504 


.024930 


181U 


8.280 


.L00621H8 


.024922 


1011 


■It. 277 


.000020732 


.024915 


161'2 


3.275 


.000020347 


.024907 


1613 


3.273 


000619963 


.024899 


1614 


8 271 


.000619579 


.024891 


1615 


3,269 


.000619195 


.024884 


1616 


3.267 


. 000618812 


.024876 



Googk- 



Table 7. — Slopes. 



71 


Feet, . 

per mile. 


,. 


V$. 


1617 


3.265 


.000618429 


.024868 


1618 


3.263 


.000618047 


.024861 


ifiin 


3.261 


.000617665 


.024853 


1620 


3.259 


.000617284 


.024845 


1021 


3.257 


.000' 16908 


024838 


1622 


8.256 


.{106616523 


.024830 


1623 


3.253 


.000616143 


.024822 


1024 


3.251 


.OOL'615764 


.024815 


16K5 


3.249 


.OO0U1S384 


.024807 


KiSfi 


3.247 


.000615006 


.024799 


1027 


8.245 


.000614628 


.024792 


16:* 


3.243 


.000614251 


.024784 


1629 


8.241 


.000613874 


.024776 


1630 


3 239 


.000613497 


.024769 


1631 


3 287 


.000613121 


.024761 


ifisa 


3.235 


.000612746 


024764 


ius;) 


3.233 


.000612370 


.024746 


1031 


3.231 


.000611995 


.0247314 


m:!5 




.000611621 


.024731 


1036 


3.227 


.01)0011247 


.024723 


1637 




.000610874 


.024716 


1638 


3.223 


.000610501 


.024708 


1639 


8.222 


.000610128 


.024701 


1640 


8.220 


.0006(19756 


.024693 


1641 


3.218 


. 000609385 


.024686 


164 a 


8.216 


.0001.09013 


.024678 


ir.43 


3.214 


.000608643 


.024671 


1614 


3,212 


.0000-8273 


.0*1664 


1645 


3.210 


.0006071*00 


.024656 


1646 


3.208 


.000607527 


.024648 


1647 


3.206 


.000607164 


.024641 



Tajjle 7.— Slopes. 



1648 


3.204 


.000606801 


.024633 


1049 


3.202 


.000601)428 


.024626 


]R-,(.I 


3.200 


.000606060 


.024618 


16G1 


3.198 


.600605694 


.024612 


iy:.i* 


3.196 


.000606327 


.024603 


1653 


3.194 


.000604961 


.024596 


16.54 


3.192 


.000604595 


.024589 


1655 


3.190 


.000604230 


.024581 


1656 


3.188 


.000603865 


.024574 


1657 


3,186 


.000603500 


.024566 


1653 


3.185 


.000603133 


.024559 


IfiSS 


3.183 


.000602773 


.024551 


ice» 


3.181 


.000602409 


.024544 


1661 


3.179 


.000602047 


.024537 


icca 


3.177 


.000601685 


.024529 


1603 


8.175 


.000601323 


.024522 


1664 


3.173 


.000600962 


.024515 


1665 


3.171 


.000600601 


.024507 


166G 


3.169 


.000 00240 


.024500 


1067 


3 167 


.000599880 


.024492 


16!.:? 


3.165 


.000599520 


.024485 


16B9 


3.1G4 


.O005991B1 


.024478 


1670 


3.162 


.000598802 


.024470 


1671 


3,160 


.000598444 


.024463 


167- 




.000598086 


.024456 


IB 73 


8.156 


.000597729 


.024448 


1(7/4 


3.154 


.000597371 


.024441 


16V5 


3.152 


.000597015 


.024434 


1676 


3.150 


.000596659 


,024427 


1677 


3.148 


.000596303 


.024420 


1678 


3.147 


.000595948 


.024413 



Googk- 



T aii rot 7. —Slopes. 



Slope, 


Feet, 
per mile. 


'■ 


vr 


1679 


8.115 


.000595593 


.024405 


1080 




113 


.000595288 


.024398 


1681 


3 


141 


.000594884 


• .024390 


1682 




139 


.000594530 


.024383 


1683 . 




187 


.000591177 


.024376 


1684 


3 


135 




.024369 


1685 




13* 


.000593472 


.024361 


168G 


3 


182 


.000593102 


.02435* 


1G87 




130 


.000592768 


.024347 


10*8 


8 


128 


.000592417 


.024340 


1689 


3 


120 


.000592066 


.024332 


1(190 


8 


1S4 


.000591717 


.024325 


1691 


3 


122 


.000591366 


.024818 


1692 




121 


.000501017 


.024311 


1093 




119 


.000590667 


.024304 


109+ 


3 


117 


.000590319 


.024297 


1695 




115 


.000589471 


.024290 


1690 


3 


118 


. 0005(19622 


.024283 


1697 


3 


111 


.000589275 


.024275 


1608 


8 


110 


.000588928 


.024268 


169a 


3 


108 


.000588582 


.024261 


1700 




10G 


.000588285 


.024254 


1701 


8 


104 


,<H)0l.H7SS9 


.024246 


1702 




108 


.000587545 


.024239 


1703 


3 


100 


.000587199 


.024282 


1704 


3 


099 


.000586854 


.024225 


1705 


3 


097 


.O0Of.8G5iU 


.024218 


1708 




(195 


.000586166 


.024211 


1707 




098 


.000585823 


.034204 


1708 




091 


.000585480 


.024197 


1709 


3 


090 


.000585138 


.024190 



Tim* 7. — Slopes. 



Slope, 


Feet, 




f»7 


one in 


per mile. 






1710 


3.088 


.000584795 


.024183 


1711 


3.086 


.000584453 


.024175 


1712 


3.084 


.000548112 


.024168 


1713 


3.083 


.000583771 


.024161 


1714 


3.081 


.000583431 


.024154 


1715 


3.079 


.000583090 


.024147 


1716 


3.077 


.000582751 


.024140 


1717 


3.075 


.000582411 


.024133 


1718 


3.073 


.000582072 


.024126 


1719 


S.072 


.000581734 


.024119 


1720 


3.070 


.000581395 


.024112 


1721 


3.068 


.OOU581058 


.1124105 


1722 


3.066 


.000580720 


.024098 


1723 


3.064 


.000580384 


.024091 


1724 


3.063 


.OOO580O4S 


.024084 


1725 


3.061 


.000579710 


.024077 


172G 


3.060 


.000579374 


.024070 


1727 




.000579039 


.024063 




3.066 


.000578704 


.024056 


172H 


8.054 


.000578369 


.024049 


1730 


3.052 


.000578035 


.024042 


1731 


3.050 


.000577701 


.0V40S5 


1732 


3.048 


.000577367 


.024028 


1733 


8.047 


.000577084 


.024021 


1734 


3.045 


.000576701 


.024015 


173ft 


3.043 


.000576369 


.024008 


1736 


3.041 


.009576087 


.024001 


1737 


8.040 


.000575705 


.023994 


■ 1738 


3.038 


.000275874 


.028987 


173!) 


3.036 


.000575043 


023980 


1740 


8.035 


.000574712 


.U23978 



Table 7. — Slopes. 



Slope, 


Feet, 










t. 


«c 


one in 


per mile. 






1741 


3.033 


.000574882 


023966 


1742 


a!o3i 


.000574053 


023969 


17+3 


3.029 


.000572723 


023953 


1744 


3.028 


.000573394 


023946 


1745 


3.026 


.000573068 


023939 


1746 


3.024 


.000572738 


023932 


1747 


S.022 


.000572410 


UJJ3925 


1748 


8.021 


.000672082 


02:5918 


1749 


3.019 


.000571756 


0-23911 


1750 


3.017 


.000571429 


U2;i!i()5 


1751 


3.015 


.000571102 


023^98 


1752 


3. OH 


.000670776 


0'<;-5891 


1753 


8.012 


.000570451 


023884 


1754 


3.010 


.000570160 


023873 


1755 


8.009 


.H00569801 


0:«871 


1756 


3.007 


.000569476 


023864 


1757 


3.005 


.000569152 


(I23S.17 


1758 


3.003 


.0005158828 


023860 


1759 


3.002 


.000568584 


023843 


17(i0 


3.000 


.000568182 


<K?383'/ 


1761 


2.998 


.000567859 


023830 


1762 


2.997 


.000567537 




1763 


2.995 


.000567215 


oa:H8i fi 


1764 


2.993 


.000566893 


023809 


1765 


2.992 


.000566572 


023803 


1766 


2.990 


.000566251 


023796 


1767 


2.988 


.000565931 


023789 


1768 


2.986 


.000565612 


<>'-';i/S3 


1769 


2.985 


.000565291 


023776 


1770 


2.983 


. 000564972 


023769 


1771 


2.981 


.000564653 


023762 



Tabl* 7.— Slopes. 



Slope, 


Feet, 




VT 


one in 


per mile. 




1772 


2.980 


.000564334 


023766 


1773 


2 


978 


.000564016 


028749 


1774 


2 


976 


.000663692 


023742 


1775 


2 


975 


.000668880 


028736 


1776 


2 


973 


.000563063 


023729 


1777 


2 


971 


.000562746 


023722 


1778 


2 


P69 


.000562430 


023716 


1779 


2 


968 


.000562114 


023709 


1780 


2 


966 


.000561798 


028702 


1781 


2 


966 


.000661482 


023696 


1782 


2 


963 


.000561168 


028689 


1788 


2 


961 


.000660862 


023682 


178* 






.000560538 


023676 


1786 


2 


958 


.000560224 


023662 


1786 


2 


966 


.000559910 


1128663 


1787 


2 


955 


.0110559597 


023656 


1788 




963 


.000659284 


028649 


1789 


2 


961 


.000658972 


023643 


1790 


2 


950 


.000558659 


023636 


1791 


2 


948 


.000658347 


023629 


1792 


2 


946 


.000558036 


023623 


1793 


2 


946 


.OU0557724 


028616 


1794 


2 


943 


.000557414 


023610 


1795 


2 


942 


.000557103 


023603 


1796 


2 


940 


.000556793 


02S596 


1797 


2 


938 


.000556483 


023689 


1798 


2 


987 


.000556173 


023583 


1799 


2 


985 


.000555864 


023577 


1800 


2 




.000555555 


023570 


1801 


2 


932 


.000555247 


023664 


1802 


2 


980 


.000554989 


028657 



Slope, 


Feet, 














one in 


per mile. 






ifcu;s 


2.928 


000554631 


.023551 


1804 


2.927 


000554324 


.023544 


ISO,", 


2.925 


000554017 


.023538 


ISM 


2.924 


001.1553/98 


.023531 


1807 


2.922 


omi55;i!03 


.vm-iK 


1808 


2.920 


IKK)553(i<t7 


.023518 


1809 


2.919 


oiiiv.:,-vii2 


.023512 


1810 


2.917 


(hm;.o-!-n 


. 02350.1 


1811 


2.915 


oim:-..-,2i-.i 


.023499 


isia 


2.91* 


o(iiJ,-,.-,i-7f; 


.023192 


1813 


2.912 


'. .-..'1.-.V2 


.023486 


1814 


2.911 


d(>o.->.jl2fi8 


.021479 


181B 


2.909 


rKt().-.r,i;ii t !-i 


.023473 


18111 


2.908 


(i0i;r.r.0ii(>i 


.023-1 tif! 


1817 


2.906 


oini:,.->o;i.-,8 


. 023460 


■ 1818 


2.904 


ooi^.-jOo;,.- 


. 023453 


1819 


2,903 


C'H!i.-)H!74:! 


.023447 


1820 


2.901 


(KJ0549451 


.023440 


1821 


2.900 


000549149 


.023434 


1822 


2.898 


(H)ii:»+8Hi7 


.023427 


1823 


2.896 


000.1 -IM.VIO 


.023421 


1824 


2. 895 


OOi.tr,[824S 


.023415 


182r, 


2.893 


001)5 17945 


,023408 


182« 


2.892 


OOO.vlTIWi 


.023402 


1827 


2.890 


000547344 


.0i);s:.i9,-. 


1828 


2.888 


000547046 


. 023389 


1823 


2.887 


00054(1747 


.023383 


1830 


2.885 


0005 46448 


.023376 


1831 


2.884 


ouu.-wi.-o 


.023370 


1832 


2.882 


i , oo->;jjs.'i:' 


.023363 


1833 


2.881 


000545554 


.023357 



Table 7.— Slop**. 



Slope, 


Feet, 


f 


cT 


one in 


per mile. 






1834 


2.879 


.000545256 


.023351 


1835 


2 


877 


.000544949 


.028344 


1836 


2 


876 


.000544662 


.023338 


1837 


2 


874 


.000544437 


.023331 


1838 


2 


873 


.000544096 


023325 


1839 


2 


B71 


.000543774 


.023319 


1840 


2 


870 


000543478 


.023313 


1841 


2 


868 


.000543183 


.023306 


1842 


2 


866 


.000542888 


.023300 


1843 




865 


.0006:2594 


.023294 


1844 


2 


863 


.030512299 


.023287 


1845 




862 


.000542005 


.023281 


1846 




BOO 


.000541712 


.023275 


1847 


2 859 


.000541419 




1848 


2 858 


.000641126 


.023262 


1849 


2.856 


.000540833 


023266 


I860 




854 


000540541 


.023250 


1861 


2 


853 


.000540249 


.023243 


1852 


2 


851 


.000539957 


.023287 


1853 


2 


849 


.000539611 


023230 


1854 




848 


.000539374 


.028224 


1855 


2 


^47 


,O0O539ii84 


.023218 


1856 


2 


845 


.000688793 


.023212 


1857 


2 


■43 


.000538503 


.023206 


1858 


2 


842 


.000538213 


.023199 






840 


.000537924 


.023193 


1860 


2 


839 


.000537683 


.023187 


1661 


2 


83V 


.000637346 


.023181 




2 


tiflli 


.000537067 


.023174 


1863 


2 


834 


.000536769 


.023168 


1864 


a 


833 


.000536481 


.023162 



Slope, 


Feet, 


( 


VT. 


one in 


per mile. 






1866 


2.831 


.000536193 


.023166 


IfiCG 


2 


eJi> 


.000535906 


.023150 


JBG7 


3 


8*8 


.000535613 


.023143 


iMi!8 


2 


827 


.000535332 


.023137 




2 


825 


.00053504G 


.023131 


1HT(I 


2 


822 


,O0O53*7.i9 


.023125 


1871 


2 


822 


1)00534474 


,023119 


1072 


2 


821 


.1100534188 


.023112 


1B78 


2 


819 


.000.-. 33903 


.023106 


1874 


2 


818 


. 000333618 


.oesioo 


1875 


2 


Hlti 


.0011533333 


.023094 


1878 


2 


816 


.<)<jn.J3;J049 


.023088 


1877 


2 


813 


.non,-;fL>7fl5 


.023082 


1878 


2 


812 


WOf,32181 


. 023076 


1878 


2 


810 


.oiw:i;!:'19d 


.023069 


vm> 


2 


809 


.L>0n.l:U915 


.023063 


1881 




807 


.000531632 


. 023057 


18R2 




800 


.000531344 


.023051 




2 


804 


.000531067 


.023045 


1884 


2 


803 


.!H'!<l.VS(i7ii5 


,023039 


188:". 


2 


801 


.IM)0530f.04 


.023033 


1886 


2 


800 


.000530223 


. 0*3027 


1887 




798 


.000629940 


.023020 




2 


797 


.000529661 


.023014 


1889 


2 


795 


.000520381 


.023008 


18UI) 


2 


794 


.000529101 


.023002 


1891 


2 


792 


.000528821 


.022996 


18112 


2 


791 


. 000528541 


.022930 


1893 


2 




.()0O^2SL'U2 


.022984 


1894 


2 


788 


. 000527988 


.022978 


189fi 


2 


786 


.000527705 


.022972 



Googk- 



Googk- 



Googk- 



Table i). — Of coefficients (c) from the for- 
mulffl of D'Aroy, Kutter and Fanning 
for small pipes below 5 inches in di- 
ameter. 



T 


CO 


CO 


(") 


M 


D'Arcy's 
Co- 


Sutter's 
Co-emeient 


Kutter'i 
Do-efficient 


Fan- 
ning's 
Go-effl- 




efficient 




mended 

by 
L. D. A. 

Jackson. 


inch™ 


for 


formula 
n-.Oll 
»=.001 


for clean 


f 


59.4 


32.0 


82.9 




1 


66.7 


36 1 


82 






I 


74.6 


12.6 


82 


9 






S0.4 


47.4 


82 


9 


80.4 


1* 


84.8 


51.9 


82 


9 




4 




65.4 


82 


9 


88.0 


4 


90^7 


68.8 


82 


9 


92.5 


2 


92.9 


61.5 




9 


94.8 


n 


96.1 




B2 


'.1 








70.1 


82 


9 


36.6 


i 


101. 7 


77.4 


82 


9 


103.4 


5 


103.8 


82.9 


82 


9 





Googk- 



Table 10.— Showing the velocity in feet 
per second in pipes, by Kutter'a for- 
mula (6) and also by the tables, the 
value of n being .011. 



Diameter, 


Slope, 


Velocity, 


Velocity, 


Feet. Inches. 


„ D ,i„ 


by Kutter'e 
formula. 


by Flynu's 

tables. 


1 


66 


6 


62 


6.51 


1 


2640 


1 


02 


1.08 


2 


66 


10 


89 


10.75 


2 


2640 


1 


67 


1.70 


4 


66 


17 


52 


17.^8 


4 


2640 


2 


70 


2.78 


e o 


66 


22 


63 


22.54 


6 


2640 


8 


54 


3.56 
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